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PROBLEM TO BE SOLVED: To provide a method 
for producing excellent corrosion resistance by 
uniformly depositing a trace metal as a rust 
preventive coating film on the surface of a magnetic 
material and also to provide a method for improving, 
as compared with those obtained by the 
conventional technology, the rust preventive 
function and magnetic properties of the magnetic 
material by using the interdiffusion and reaction 
between the component in the vicinity of the surface 
of the magnetic material and the supplied highly 
activated metal. SOLUTION: The magnetic material 
powder composed of a magnetic alloy or a magnetic 
intermetallic compound and having grain 
boundaries of magnetic material phase in powder 
particles and a supply source (hereinafter referred 
to as rust preventive metal supply source) of a 
metallic component (hereinafter referred to as rust 
preventive metallic component) having a rust 
preventive action upon the magnetic material 
powder are introduced in a mixed state into a 
hermetically sealed vessel. Temperature is raised 
while maintaining a nonoxidizing atmosphere inside 
the hermetically sealed vessel in the above state, 
and the rust preventive metallic component is 
supplied from the metal supply source to the particle 
surface of the magnetic material powder. By this 
procedure, the rust preventive layer composed 
essentially of the rust preventive metallic 
component can be deposited on the particle surface 
and also on the region along the grain boundaries in 
the powder particles, by which the magnetic 
material powder with the rust preventive layer can 




be obtained. 
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NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the bond magnet which used the 
manufacture approach of a magnetic material, magnetic material powder with a rust- 
proofing layer, and it. 
[0002] 

[Description of the Prior Art] In recent years, high performance rare earth permanent 
magnet ingredients (hereafter, it is called Fe system rare earth magnet ingredient, and the 
permanent magnet member constituted by it is called Fe system rare earth magnet) which 
use Fe as a principal component, such as a Nd-Fe-B system magnet ingredient or a Sm- 
Fe-N system magnet ingredient, are developed, and since especially a Nd-Fe-B system 
magnet ingredient has outstanding magnetic properties, it is widely used for the motor for 
various electrical machinery and apparatus or automobiles, or the voice coil motor for 
computers. A Nd-Fe-B system magnet ingredient is divided roughly into three kinds, a 
sintered magnet, a hot-working magnet, and a bond magnet (resin bond magnet), by the 
process. Among these, a bond magnet grinds the quenching thin band which carries out 
the alloy content of the specified quantity by combination / dissolution back, it makes 
carry out the rapid solidification of the molten metal by the single rolling method etc., 
and is obtained, makes raw material magnet powder, fabricates the powder with resin 
binders, such as an epoxy resin or Nylon, and uses it as the magnet of a desired 
configuration. The above-mentioned magnet powder has the fine crystal grain 
organization where the Nd2Fel4B mold tetragonal intermetallic-compound phase 
(henceforth a 2-14-plane 1) which are main hard magnetism phases became below the 
diameter of a single domain particle, and shows high coercive force in the state of 
powder. Unlike a sintered magnet and a cold workable magnet, by needlessness, 
dimensional accuracy is high and such a bond magnet almost excels [ processing / after 
shaping ] in a configuration degree of freedom, and moreover, since productivity is high, 
it is especially used for the ring magnet for small motors etc. in large quantities. On the 
other hand, since it is easy to decompose the Sm-Fe-N system compound phase which 
bears the magnetic leading role at an elevated temperature, a Sm-Fe-N system magnet 
ingredient is in the situation of groping for the application as a bond magnet chiefly. 
[0003] For example, when the above Fe system rare earth magnet ingredients are using 
Fe as the principal component, since comparatively many activity rare earth elements are 
included chemically, under the environment which humidity and temperature specifically 



tend to go up depending on an operating environment, corrosion may pose a problem. In 
order to secure the magnetic properties generally stabilized by Fe system rare earth 
magnet ingredient, presentation adjustment is carried out in many cases so that a rare 
earth component more superfluous than the stoichiometry of the intermetallic compound 
(for example, it is the aforementioned 2-14-plane 1) which forms a magnetic phase may 
be contained, and the superfluous rare earth component serves as a rare earth rich phase, 
and serves as a form which forms polyphase structure with a magnetic phase. In such a 
case, the local battery reaction between unusual appearances is also related, and it can be 
said that corrosion is in the situation which is easier to advance. If such corrosion 
advances, it not only leads to the performance degradation of the electronic equipment 
itself, such as a motor which uses this Fe system rare earth magnet as an excitation 
medium, but it may have a bad influence on a circumference circuit etc. by scattering of a 
corrosion reaction object. 

[0004] Moreover, if the situation which the above corrosion tends to generate does not 
change a situation in a raw material powder phase, either, for example, powder is 
exposed to long duration atmospheric air (especially thing of high humidity), it will be 
hard coming to avoid the magnetic-properties fall of coercive force, a maximum energy 
product, etc. by powdered oxidation degradation etc. 

[0005] Then, in rustproofing to the above alloys and an intermetallic-compound system 
magnetic material, appropriate rustproofing is needed. Conventionally, vacuum 
deposition and electrolysis plating have been used as the concrete approach. However, it 
is very difficult to cover with the former technique the front face of the magnetic material 
which has a solid configuration since formation of a coat advances only from an 
evaporation source to a magnetic material front face, especially magnetic material 
powder with a small particle size that there are no dark circles in homogeneity. Moreover, 
it is difficult for it to be possible that the covering metal which carried out the laminating 
causes the condensation between powder, and to perform covering processing to a lot of 
magnetic powder. On the other hand, in the latter, there were problems, like while 
receiving a magnetic material and damage with especially serious raw material powder, 
the multistage story processing which carries out preliminary covering by Cu with 
conductivity high as pretreatment etc. in order to make a uniform coat form in the surface 
oxide layer of magnetic powder with low conductivity is needed with the electrolytic 
solution used for coat formation. 

[0006] Furthermore, in an alloy and intermetallic-compound magnetism powder, 
especially a rare earth-Fe system magnetic material, the reactivity of the source of oxygen 
and rare earth metal component which exist in an ambient atmosphere is high, and since 
the fall of the magnetic properties accompanying this poses an important problem, it is 
necessary to be able to cover a magnetic material powder front face completely as a 
covering technique. For that, by the former technique, if a lot of metals (a nonmagnetic 
metal is usually used) for forming a perfect coat are deposited and it kicks, it will not 
become, but the dilution effect arises with this non-magnetic metal, and the fall of 
magnetization is caused. On the other hand, in the latter, while a uniform coat can be 
formed, the oxygen in the oxide skin on the front face of a magnetic material produced at 
the time of plating spreads and permeates inside magnetic powder in the heat treatment 
process at the time of bond magnet production, oxidation advances by this, and magnetic 
properties fall further. 



[0007] In addition, when an alloy and intermetallic-compound magnetism powder are 
Sm-Fe-N systems, the metal formed as a coat reforms a magnetic powder front face by 
heat treatment, and raising magnetic properties, especially coercive force Hcj is known, 
in order to advance efficiently the counter diffusion and the reaction with a constituent of 
a covering metal and a magnetic material in this heat treatment — an elevated temperature 
(- 600 degrees C) - heating (for example, indicated by JP,05-234729,A) - or it is 
necessary to carry out long duration (30 hours or more) at low temperature (380-400 
degrees C) (K.Makita, S.Hirosawa, J.Alloys Compd., 260 (1997) 236 -241 reference) 
[0008] 

[Problem(s) to be Solved by the Invention] It is ground minutely, and chemically, to the 
unstable magnetic material impalpable powder concerned, in the former, it deposits, only 
by there being a metal along a direction from the source of vacuum evaporationo, and 
membrane formation takes place, and spots arise on a coat at the surface coating by the 
present vacuum deposition and present electrolysis plating which are performed to the 
alloy and the intermetallic-compound system magnetic material. Moreover, since it is a 
dry process and condensation tends to take place between powder, the front face in which 
the front face or coat in which rust-proofing capacity is inferior is not formed will remain 
partially, as a result, oxidation will advance from this field, and degradation of magnetic 
properties will still be caused. Furthermore, in vacuum deposition, it was difficult to form 
a protective coat also to internal surfaces from which oxygen tends to serve as a path 
diffused inside a magnetic material, such as a crack and a grain boundary. 
[0009] Moreover, there was a fault that pretreatment was required in order for an oxide 
layer with the low conductivity by which magnetic properties fall sharply and are further 
formed in a magnetic powder front face in connection with rustproofing in order that the 
electrolytic solution used in electrolysis plating may do damage on oxidation etc. to the 
activity magnetic material itself to check electric-field plating and to produce a uniform 
coat. 

[0010] Therefore, in order to produce the magnetic material which has the outstanding 
corrosion resistance which can maintain magnetic properties high for a long period of 
time, establishment of the new formation technique of the uniform rust-proofing coat to a 
front face is needed [ it is not dependent on the ambient atmosphere used for a 
preservation list about an alloy and an intermetallic-compound system magnetic material 
and ], without doing damage to magnetic material itself. 

[0011] With the membrane formation technique by the conventional vacuum deposition, 
since it is hard to cover each front face of an alloy and an intermetallic-compound system 
magnetic material to homogeneity, desired corrosion resistance has been attained by 
covering with a lot of metals beyond the need. And the dilution effect arises with the 
metal (many case nonmagnetic things are used) covered so much in connection with this, 
and it has the fault of inviting a fall to the magnetic properties of a magnetic material. 
Therefore, in order to avoid the fall of such magnetic properties, it is desirable to make 
more uniform the rust-proofing coat made to form on the front face of a magnetic 
material, and to lessen the amount of the metal used as much as possible as a coat metal. 
[0012] On the other hand, after covering a metal on the front face of an alloy and an 
intermetallic-compound system magnetic material, while raising the adhesion on a metal 
coat and the front face of a magnetic material and raising anti-corrosiveness by urging the 
metal to counter diffusion with a constituent near the front face of a magnetic material 



with heating under an inert gas ambient atmosphere or in a vacuum, it may be possible to 
raise magnetic properties in the further environment-resistant list of a magnetic material. 
However, since this heat-treatment had been performed at the elevated temperature more 
than the melting point of the metal used as a coat (- 600 degrees C), with the impalpable 
powder of a magnetic material, the fall of on the contrary original magnetic properties 
was not especially avoided by advance of oxidation. This is considered to be generated 
by reforming the magnetic phase in which the oxide layer produced at the process which 
forms a coat by heat-treatment exists near the front face of magnetic powder. Therefore, 
in order to set after such heat treatment and to maintain or raise the high magnetic 
properties of magnetic material original, the technique to which heat-treatment 
temperature makes a corrosion-resistant list act on improvement in magnetic properties 
effectively also at low temperature needs to make it not make degradation of oxidation 
etc. cause to a magnetic material at the time of metallic coating, and to be established. 
[0013] The technical problem of this invention is the ingredient of the permanent magnet 
used for magnetic circuits, such as various motors and an actuator. The oxygen which 
exists in the preservation list constituting the main cause of a permanent fall of magnetic 
properties in a use ambient atmosphere about the alloy and intermetallic-compound 
system magnetic material which are represented by the rare earth system, The 
manufacture approach of a magnetic material that adhesion controls effectively the fall of 
the magnetic properties by the oxidation received from water etc. by making a strong 
uniform rust-proofing coat form in a magnetic powder front face efficiently, and the 
stability of the magnetic properties of the magnetic material concerned can be secured by 
this, It is in offering the magnetic material powder with a rust-proofing layer obtained by 
that cause, and the bond magnet using it further. It is supplying the high metal of labile to 
an alloy and an intermetallic-compound system magnetic material front face as a 
covering metal in more detail. Use the reaction compatibility of this and the constituent 
of a magnetic material, and a metal is deposited without dark circles on a powder front 
face. The metal which gave oxidation resistance and was further supplied by urging 
formation of a uniform rust-proofing coat at the same time it makes the strong rust- 
proofing coat of adhesion form by the constituent near the front face of a magnetic 
material, counter diffusion, and making it react The technique which contributes to 
improvement in the stability of the technique which makes the resistance to environment 
and magnetic properties of a magnetic material improve further, and the bond magnet 
which uses the obtained surface coating magnetism powder as a raw material, and 
endurance is offered. 
[0014] 

[Means for Solving the Problem and its Function and Effect] In order to solve the above- 
mentioned technical problem, the manufacture approach of the magnetic material of this 
invention The magnetic material powder which consists of a magnetic alloy or a 
magnetic intermetallic compound, and has the grain boundary of a magnetic material 
phase in a powder particle, A temperature up is carried out putting in the source of supply 
(henceforth a rust-proofing metal source of supply) of a metal component (henceforth a 
rust-proofing metal component) with the rust prevention to this magnetic material powder 
in a hermetic container by the mixed state, and maintaining the inside of a hermetic 
container to a non-oxidizing atmosphere in the condition. While the rust-proofing layer 
which makes a rust-proofing metal component a subject forms in a particle front face by 



supplying a rust-proofing metal component to the particle front face of magnetic material 
powder from a metal source of supply It is characterized by forming also in the field 
along the grain boundary inside a powder particle the rust-proofing layer which makes a 
rust-proofing metal component a subject, and obtaining magnetic material powder with a 
rust-proofing layer. In addition, in this specification, when a magnetic material powder 
particle is covered with a metal condition, as long as "the metal component with the rust 
prevention to magnetic material powder" has the operation from which the magnetic 
material powder particle is protected from oxidation corrosion, what kind of thing may be 
used for it. For example, a metal with the effectiveness of protecting the metal in which a 
passive state coat is formed in on the surface of self, and oxidation resistance is shown 
and the alloy which constitutes a magnetic material powder particle as a result according 
to the sacrifice corrosion effectiveness, or an intermetallic compound, a metal (it is 
desirable to cover the front face of an alloy or an intermetallic compound in this case as 
precisely as possible) with corrosion potential still higher than said alloy or intermetallic 
compound, etc. can be illustrated. In addition, it means that the component to which its 
attention is paid in the quality of an object in this invention, saying a "principal 
component" or "it considers as a subject" is a component with the highest weight content. 
[0015] Moreover, the magnetic material powder with a rust-proofing layer of this 
invention consists of a magnetic alloy or a magnetic intermetallic compound, and is 
characterized by forming the rust-proofing layer which makes said rust-proofing metal 
component a subject in the field in alignment with said ********** i n the interior of the 
particle surface section and the particle of the magnetic material powder which has the 
grain boundary in a particle. 

[0016] Furthermore, the bond magnet of this invention is characterized by carrying out 
resin bond of the above-mentioned magnetic material powder with a rust-proofing layer. 
[0017] In rust-proofing down stream processing to an alloy and an intermetallic- 
compound system magnetic material, in order to make a uniform coat [ be / no spots ] 
form in a magnetic material front face, a rust-proofing metal source of supply is equally 
supplied in three dimension to the front face of the magnetic material which has a solid 
configuration, and the required thing for which it restricts and a rust-proofing coat is 
formed in small quantity is further needed in the amount of covering metals. Thus, 
making homogeneity cover a magnetic powder front face makes a coat metal advance 
into the clearance between the magnetic powder which considered as the gaseous state 
and was piled up, and make it stick to a front face with reaction compatibility with a 
magnetic material, and it deposits, or distributes magnetic powder in the dispersion 
medium containing a rust-proofing metal source of supply, and becomes possible by 
generating an activity metal from a source of supply in the state of this distribution, and 
depositing a powder front face with reaction compatibility with a magnetic material. By 
therefore, the thing which the source of a metal and magnetic material powder which are 
used for covering are mixed, and is heated in a hermetic container in this invention in 
order to supply a rust-proofing metal source of supply to the magnetic material front face 
concerned at homogeneity By depositing a front face using the reaction compatibility of 
the metal component with high activity (for example, metallic fumes or an 
organometallic compound) and the constituent of a magnetic material to generate It 
becomes possible in addition to covering a magnetic material front face to homogeneity 
without dark circles, to be able to reduce the amount of covering metals on the front face 



of a magnetic material, to control the dilution effect by this, and to produce the magnetic 
material of high magnetization. Furthermore, since it covers with the bottom of the 
conditions which do not include the source of oxygen, degradation by oxidation of a 
magnetic material can be controlled and the magnetic powder of the alloy and 
intermetallic-compound system which reconciled outstanding magnetic properties and a 
resistance to environment can be produced. 

[0018] Furthermore, since the rust-proofing layer (henceforth a grain boundary rust- 
proofing layer) which makes a rust-proofing metal component a subject is formed also in 
the field along the grain boundary inside a powder particle, the grain boundary field used 
as the component diffusion path of oxidation degradation is protected firmly, and the 
magnetic material powder with a rust-proofing layer of this invention realizable [ with the 
above-mentioned process ] becomes much more advantageous, when attaining property 
degradation by oxidation of a magnetic material. Especially in the case of the hard 
magnetic material of the new chestnut ESHON mold using the Nd-Fe-B system or Sm- 
Fe-N system intermetallic compound mentioned later, formation of the above grain 
boundary rust-proofing layers contributes effective in the improvement in coercive force 
of a hard magnetic material. 

[0019] In this case, it is desirable by making a rust-proofing metal component permeate 
the particle surface section from a particle front face to the fixed depth to form a rust- 
proofing layer along the grain boundary which exists in the particle surface section to 
which oxidation advance tends to progress in the viewpoint which aims at improvement 
in rust-proofing nature, maintaining high magnetic properties. Thus, in the particle 
surface section, it comes [ more ] it to carry out the amount of the rust-proofing layer in 
which the magnetic material powder with a rust-proofing layer obtained is formed along 
the grain boundary than the interior of a particle. As for the depth of penetration from a 
particle front face of the rust-proofing layer formed along the grain boundary, it is 
desirable to be adjusted to the range of 1 micrometer - 10 micrometers. If the depth of 
penetration may become insufficient [ 1 micrometer or less / the grant effectiveness of 
rust-proofing nature ] and exceeds 10 micrometers, it will be hard coming to avoid the 
bad influence which it has on magnetic properties etc. the component diffusion to which 
osmosis of a rust-proofing metal component met the grain boundary — or it is made by 
supply and a deposit of the metallic fumes to the space in a crack formed along the grain 
boundary. 

[0020] In the surface section of a magnetic material powder particle, it is desirable for a 
rust-proofing layer to be formed and to become so that thickness may be set to 5nm - 50 
micrometers. When the rust-proofing layer thickness of the surface section of a particle 
becomes insufficient [ 5nm or less / rust-proofing nature ] and exceeds 50 micrometers, it 
becomes impossible to fully secure a residual magnetic flux density by reduction of the 
rate of a hard magnetism phase ratio. Moreover, as for the thickness of the rust-proofing 
layer formed along the grain boundary, it is desirable that it is l-100nm by the same 
reason. 

[0021] In case the front face of an alloy and an intermetallic-compound system magnetic 
material is covered to homogeneity, on a magnetic material front face, the counter 
diffusion and the reaction of the metal and constituent which are supplied near the front 
face of a magnetic material occur smoothly by controlling the temperature which heats a 
magnetic material at the same time it forms a coat. Since the metal supplied is in the 



shape of an atom, the shape of a molecule, and a cluster condition, this counter diffusion 
and reaction have high activity, and thereby, an improvement of magnetic properties is 
effectively made also for low-temperature heat treatment by the environment-resistant list 
from the conventional technique. 

[0022] An alloy and an intermetallic-compound system magnetic material are applied by 
mixing with resin and being magnet[ shaping and ]-ized to a bond magnet. It is related 
with this bond magnet, especially the bond magnet of the compression-molding mold to 
which importance is attached as an aperiodic compass. Since oxidation degradation will 
be effectively controlled by performing anti-oxidation processing to the magnetic 
material powder used as a raw material if the forming process of a bond magnet is also 
taken into consideration, It becomes possible by making a uniform rust-proofing coat 
form on a magnetic material powder front face in this invention to control the oxidation 
degradation worn over a magnetic use ambient atmosphere in a magnet forming cycle 
list, and an improvement is made by magnetic high-performance-izing and the list in the 
endurance of the magnet engine performance. 

[0023] As rustproofing to an alloy and an intermetallic-compound system magnetic 
material specifically The matter used as a magnetic material and the rust-proofing metal 
source of supply of a rust-proofing coat by the mixed state After enclosing in a heat- 
resistant hermetic container, The metal of the shape of the shape of an atom and a cluster 
is made to generate by heating sources of oxygen, such as oxygen or water, to 
homogeneity under the ambient atmosphere which is not included dozens of ppm or 
more. Supply the magnetic material powder front face aiming at this, and the metal 
concerned is deposited in homogeneity on a magnetic material front face using the 
reaction compatibility of the component which constitutes a magnetic material or this, 
and the metal concerned. And it can perform making the rust-proofing coat which 
consists of a metal, an alloy, or an intermetallic compound form by making it permeate 
via the grain boundary interface inside the continuing powder (it also being hereafter 
called a sorption method). The alloy and intermetallic-compound system magnetic 
material which have a resistance to environment in a high magnetic-properties list by this 
are realizable. 

[0024] A rust-proofing metal component can be supplied to the particle front face of 
magnetic material powder in the form of metallic fumes. The rust-proofing layer 
described above by the deposit to the powder particle front face of metallic fumes and 
diffusion through a grain boundary can be formed in homogeneity. In this case, since 
specifically using a rust-proofing metal source of supply as the metal ingot or powder 
containing a rust-proofing metal component, carrying out the temperature up of the inside 
of a hermetic container to a reduced pressure list, and promoting evaporation of a metal 
ingot or the rust-proofing metal component from powder can form a uniform rust- 
proofing layer easily, it is suitable. In order to generate metallic fumes efficiently, it is 
desirable to heat the inside of a hermetic container desirably the ingot of a rust-proofing 
metal or more than the powdered melting point more than the boiling point. 
[0025] As a rust-proofing metal component, aluminum, Ga, In, Si, germanium, Sn, Ti, 
and Zn can be used, for example. Since it excels in respect of the rust-proofing 
effectiveness to the magnetic material powder which uses Fe of a metal condition as a 
principal component and especially Zn can carry out [ low temperature ]-izing of the 
formation temperature of a rust-proofing layer comparatively the top where the rust- 



proofing effectiveness is large, the merit on cost of especially these rust-proofing metal 
components is also large. When using Zn, it is desirable to carry out the temperature up 
of the temperature in a hermetic container to 300-500 degrees C. Since it becomes 
impossible for improvement in the sorption facilitatory effect of Zn to the magnetic 
material powder by the temperature rise to expect more when it may become insufficient 
[ less than 300 degrees C ] generating [ of Zn steam ] temperature and it exceeds 500 
degrees C, energy-futility becomes large. Moreover, like a Sm-Fe-N system magnetic 
material, if temperature becomes high too much, the fall of magnetic properties, such as 
residual magnetization, may be caused by diffusion of Zn metal to the inside of magnetic 
phase bulk etc. In this case, naturally the rust-proofing metal component which makes a 
rust-proofing layer makes a subject one sort of aluminum, In, and Zn, or two sorts or 
more. 

[0026] For example, after enclosing the magnetic powder which uses a rust-proofing 
metal source of supply as a metal ingot or metal powder, and is made into this and the 
purpose by the mixed state in a heat-resistant hermetic container, a magnetic powder 
front face can be supplied as metallic fumes of the shape of the shape of an atom, and a 
cluster by heating to homogeneity at temperature sufficient in the bottom of reduced 
pressure for the metal concerned evaporating. And it becomes possible to make the rust- 
proofing coat constituted from a uniform metal, an alloy, or an intermetallic compound 
by the grain boundary interface at a magnetic material powder surface list using the 
reaction compatibility of a magnetic material and the metal concerned form. In this case, 
Zn metallic ftimes of the shape of the shape of an atom and a cluster can be supplied to a 
magnetic powder surface list at a grain boundary interface by heat-treating mixture with 
the magnetic powder made into this and the purpose from several minutes to 
homogeneity at 300 to 500 degrees C after vacuum enclosure for several hours in glass or 
a metal container using Zn which is a low-boiling point metal as a metal used as the 
source of a rust-proofing coat. Consequently, it becomes possible to make the coat from 
5nm in thickness which consists of the alloys or intermetallic compounds of Zn or Zn, 
and magnetic powder to 50 micrometers form. 

[0027] On the other hand, it is also possible as a rust-proofing metal source of supply to 
use the organometallic compound of a rust-proofing metal component. According to this 
approach, disassembly of the organometallic compound from a gaseous phase or the 
liquid phase (or critical phase with which both mixed and coexisted at homogeneity) 
enables it to form a uniform rust-proofing layer in magnetic powder. By carrying out a 
temperature up, where magnetic material powder is specifically distributed in the organic 
solvent which contained the organometallic compound in the hermetic container, an 
organometallic compound can be decomposed and returned and said rust-proofing layer 
can be formed by supplying the rust-proofing metal to generate to the particle front face 
of magnetic material powder. 

[0028] As a rust-proofing metal component contained in an organometallic compound, 
what makes a subject one sort of aluminum, Ga, In, Si, germanium, Sn, Ti, and Zn or two 
sorts or more can be used. It can decompose at low temperature comparatively and all 
have the advantage which can form the rust-proofing layer excellent in rust-proofing 
nature in homogeneity. In this case, the organic chain CmHn combines with the rust- 
proofing metal atom M which consists of one sort of aluminum, Ga, In, Si, germanium, 
Sn, Ti, and Zn, or two sorts or more, it can attain low temperature-ization of 



decomposition temperature effectively that the carbon atomic number m contained in that 
organic chain CmHn uses one or more (3 or more [ Desirably ]) things, and it contributes 
an organometallic compound to the manufacture cost reduction of a rust-proofing layer. 
In this case, naturally the rust-proofing metal component which makes a rust-proofing 
layer makes a subject one sort of aluminum, Ga, In, Si, germanium, Sn, Ti, and Zn, or 
two sorts or more. 

[0029] For example, it can heat-treat by distributing magnetic powder in the organic 
solvent which contains the organometallic compound concerned in hermetic containers, 
such as an autoclave made from stainless steel, using the organometallic compound (a 
MRx;M= metallic element, R=CmHn) of a low-boiling point as a rust-proofing metal 
source of supply which forms a coat in a magnetic powder front face. And an 
organometallic compound can be decomposed and returned and the rust-proofing layer 
which consists of a metal, an alloy, or an intermetallic compound can be formed by 
making a grain boundary interface carry out the sorption of the metal to generate to a 
magnetic powder surface list. Consequently, the alloy and intermetallic-compound 
system magnetic material which have a resistance to environment in a high magnetic- 
properties list are producible. 

[0030] If the organometallic compound which contains M=aluminum with comparatively 
low decomposition temperature, and Ga, In, Si, germanium, Sn, Ti and Zn also in it is 
used when using as an organometallic compound the source of supply of the metal which 
covers a magnetic powder front face, the rust-proofing coat constituted from a metal, an 
alloy, or an intermetallic compound by the grain boundary interface at a magnetic powder 
surface list can be formed by heating from several minutes at 150 to 500 degrees C for 
several hours. It is effective to use the organometallic compound with which it has an 
organic chain (m>=l; desirably m>=3), and a pyrolysis is promoted more at low 
temperature in addition to containing aluminum, Ga, In, Si, germanium, Sn, Ti, and Zn as 
a precursor of the metal which covers a magnetic powder front face especially. If it does 
in this way, the alloy and intermetallic-compound magnetic material the higher resistance 
to environment was made to give and in which high magnetic properties are shown are 
producible from several minutes at 50 to 500 degrees C heating for several hours. 
[0031] Also when using a metal ingot thru/or powder, or even when using an 
organometallic compound, after forming a rust-proofing layer by carrying out a 
temperature up to the first temperature into a hermetic container, it is more advantageous 
than the first temperature to carry out a temperature up to the second hot temperature, and 
to heat-treat succeedingly in the viewpoint which forms a uniform rust-proofing layer 
with few defects. The first temperature and the second temperature may be set up in the 
form where it changes continuously in a respectively fixed temperature requirement, or 
gradually. 

[0032] For example, after supplying a metal to a grain boundary interface and making a 
coat form in an alloy and an intermetallic-compound system magnetic material powder 
surface list, the temperature in a heat-resistant hermetic container is raised as it is, and it 
can process in two steps which heat-treat at an elevated temperature from membrane 
formation temperature, or two or more phases beyond it. The list near the front face of a 
magnetic material can be made by this to promote diffusion and a reaction for the metal 
which deposited on the front face further by the grain boundary interface, as a result 
****** sweet red bean soup with mochi becomes more possible about a resistance to 



environment at a magnetic-properties list. 

[0033] As magnetic material powder, what makes a subject a Sm-Fe-N system 
intermetallic compound or a Nd-Fe-TM(transition metals)-N system intermetallic 
compound can be used as above-mentioned. 

[0034] Moreover, what makes a subject a Nd-Fe-B system intermetallic compound can 
also be used for magnetic material powder. The magnet powder for bond magnets 
(magnetic material powder) which makes a subject a Nd-Fe-B system intermetallic 
compound is obtained by grinding the following quenching thin bands. This quenching 
thin band quenches the molten metal containing the alloy content of the specified 
quantity, is obtained, and that diameter of average crystal grain is 1 micrometer or less, 
and it can express a proximate composition type with RxFelOO-x-yBy. Here, R uses Nd 
as a principal component (atomic content is 50% or more in [ all ] rare earth at least), and 
the part is a replaceable rare earth component in either [ at least ] Dy or Pr, and it is 
9<=x<=15 and 4<=y<=10. In addition, it is also possible to be the form of RxFelOO-x-y- 
vByMv and to permute a part by the pan of Fe according to the purpose, by another 
metallic element (for example, Co etc.: for a class to be sufficient as more than one) M. 
In the range which does not cause the sharp fall of magnetic properties, the amount v of 
permutations is suitably set up in the about 0.1<=v<50 range. 
[0035] By quenching from a molten metal, since the organization where the large 
R2Fel4B mold tetragonal intermetallic-compound phase (henceforth a 2-14-plane 1) 
became a fine crystal grain with a mean particle diameter of 1 micrometer or less is 
produced and high coercive force and a high residual magnetic flux density are shown in 
the condition immediately after quenching, each of saturation magnetic flux density and 
crystal magnetic anisotropics can use the above-mentioned quenching thin band as 
powder for bond magnets of high performance as it is, if this is ground to the powder of 
predetermined particle diameter. In addition, if the above-mentioned mean particle 
diameter exceeds 1 micrometer, since the coercive force of a thin band thru/or the square 
shape nature of a demagnetization curve will be spoiled and sufficient magnet engine 
performance will no longer be obtained, the mean particle diameter is made into the thing 
of the above-mentioned range, and is desirably set to 0.1 micrometers or less still more 
desirably 0.5 micrometers or less. 

[0036] Moreover, as the above mentioned permutation element M of Fe, Co can permute 
in v< 30. It is above-mentioned presentation within the limits, and by making Co contain, 
while the Curie temperature of a 2-14-plane 1 rises, the temperature coefficient of a 
residual magnetic flux density is improved, and also in a hot operating environment like 
the motor for automobiles, the quenching thin band for bond magnets with which stability 
and outstanding magnetic properties are secured can be obtained. Moreover, the chemical 
stability of a quenching thin band improves by addition of Co, and it is controlled that the 
bond magnet which used the thin band also under the environment of heat and high 
humidity is corroded, or magnetic properties fall. However, since the saturation magnetic 
flux density of a 2-14-plane 1 will fall and it will lead to the fall of a maximum energy 
product if the content exceeds 30 atom %, it is not desirable. In addition, the content of 
Co is desirably good 2.5 to 20 atom %, and to set up within the limits of 5 - 10 atom % 
still more desirably. 

[0037] Next, although it is components other than the above, the rare earth component R 
is a main constituent of the 2-14-plane 1 which bears the magnetic properties which were 



excellent in the quenching thin band, Nd is made into a subject, and a total content is set 
as the range of 9 - 15 atom % (namely, 9<=x<=15). If the content of the rare earth 
component R becomes under 9 atom %, the ratio of the alpha-Fe phase which is a soft 
magnetism phase will increase, and the fall of coercive force will be caused. On the other 
hand, if 15 atom % is exceeded, the ratio of the nonmagnetic phase which makes a rare 
earth component a subject will increase, and the fall of saturation magnetic flux density 
will be caused. Since each of these leads to the fall of a maximum energy product, the 
content of the rare earth component R is made into the thing of the above-mentioned 
range, and is desirably good ten to 13 atom %, and to set up within the limits of 11 - 12 
atom % still more desirably. 

[0038] Moreover, a part of rare earth component R which makes Nd a subject can be 
permuted by Dy or Pr. By adding Dy, the anisotropy field of a 2-14-plane 1 is raised, and 
the coercive force of a quenching thin band can be raised sharply. Thereby, since a fallen 
part of the coercive force in an elevated temperature is compensated when a magnet is 
used in the environment where temperature tends to rise, the hard disk drive of a 
computer, the motor for automobiles, etc. can obtain the magnet which is equal to use in 
a severe temperature environment. The addition can be suitably chosen within the limits 
of 0.1 - pentatomic %. However, since Dy is expensive and it causes a raw material cost 
rise of a magnet, it is not desirable, except that the saturation magnetic flux density of a 
2-14-plane 1 will fall and the fall of a maximum energy product will be caused, if an 
addition exceeds pentatomic %. In addition, although Tb is still more expensive than Dy, 
since it has an EQC or the improvement effectiveness in coercive force beyond it mostly 
with Dy, depending on the purpose, it is usable. 

[0039] On the other hand, since Pr does not change the value of the saturation magnetic 
flux density and an anisotropy field so much when Nd in a 2-14-plane 1 is permuted, it is 
also possible to permute the whole quantity by Pr depending on the considerable amount 
of Nd component of a quenching thin band and the case, but the separation rare earth of 
Pr is more expensive than that of Nd, and combination in the form of the separation rare 
earth is not desirable in order to cause the rise of raw material cost. However, since raw 
material cost can be reduced if the separation extract of the Pr is carried out with Nd in 
the separation purification process of a rare earth raw material, and these are blended in 
the form of didym (for example, didym metal), since the didym which is the non- 
dissociating rare earth of Nd and Pr is cheaper than the separation rare earth of Nd and Pr, 
it is convenient. In this case, the content of Pr in the quenching thin band finally obtained 
will become settled with Pr content ratio in the didym used. 

[0040] In addition, although it is desirable not to contribute to the rise of an energy 
product, or not to reduce this conversely, and not to contain as much as possible as for 
each rare earth elements except having described above, even if what the total amount 
mixes unescapable by within the limits below 1 atom % with rare earth components, such 
as Above Nd, Dy, and Pr, for example contains, it does not interfere. 
[0041] Next, B is the indispensable constituent of a 2-14-plane 1 like the rare earth 
component R, and the content is set up within the limits of 4 - 10 atom % (namely, 
4<=y<=10). If the Nd2Fel7 type phase of soft magnetism will generate, the fall of 
coercive force will be caused, if the content of B becomes under 4 atom %, and a content 
exceeds 10 atom %, a nonmagnetic NdFe4 B4 type phase will generate and saturation 
magnetic flux density will fall. Since it is connected with reducing a maximum energy 



product in any case, let B content be the thing of the above-mentioned range. The content 
of B is desirably good four to 8 atom %, and to set up within the limits of 5 - 7 atom % 
still more desirably. 

[0042] Fe bears the principal part of the big saturation magnetization as an indispensable 
constituent of a 2-14-plane 1. 

[0043] Such a quenching thin band can be ground so that the mean particle diameter may 
be set to 500 micrometers or less, and it can be used as the powder for bond magnets. 
And it can consider as a bond magnet by forming a coating coat in the powder as below- 
mentioned, and combining with it with resin, such as an epoxy resin, phenol resin, and 
Nylon, further. Here, since distribution of the magnet [ be / it / 500 micrometers or more ] 
powder in a bond magnet and resin becomes uneven and the mean particle diameter of 
the above-mentioned bond magnet powder becomes the cause which produces dispersion 
in surface magnetic-flux distribution of a bond magnet, let mean particle diameter be the 
following [ the above ]. On the other hand, since the flow nature of magnet powder will 
fall, the smooth restoration to the metal mold will become difficult and the fall of 
productivity will be caused when manufacturing a bond magnet, for example with 
compression molding if mean particle diameter becomes fine too much, it is set up more 
than predetermined mean particle diameter. In addition, the mean particle diameter of 
magnet powder is desirably good to set [ 50-400-micrometer ] up within the limits of 
100-300 micrometers still more desirably. 

[0044] Hereafter, the manufacture approach of the quenching thin band for bond 
magnets, the bond magnet powder using it, and a bond magnet is explained. First, the 
alloy content of the specified quantity is blended and then the alloy content is dissolved 
in predetermined ambient atmospheres, such as an inert gas ambient atmosphere or a 
vacuum ambient atmosphere. The alloy content blended may blend each component 
independently, or may blend it in the form of hardeners, such as a Nd-Fe alloy and 
ferroboron, or any are sufficient as it. Moreover, the dissolution can use the well-known 
dissolutions approach, such as for example, the RF induction dissolution and the arc 
dissolution. 

[0045] Next, the quenching thin band of the shape of thin band-like one thru/or a flake is 
manufactured by carrying out the rapid solidification of the molten metal. Inert gas 
ambient atmospheres, such as an argon, are used, and the ambient atmosphere of 
quenching begins the single rolling method as the approach of quenching, and can apply 
various approaches, such as the congruence rolling method, the Sprat quenching method, 
a centrifugal quenching method, and the gas atomizing method. It is easy, and the cooling 
effectiveness of a molten metal is high, and it is [ among these / especially the single 
rolling method has homogeneous adjustment of the cooling rate by roll peripheral speed 
and ] suitable for it for mass-producing the quenching thin band of high performance. In 
this case, it is desirable to make roll peripheral speed desirable in 10-30m/second a 
second 5-35m /, when obtaining the quenching thin band which has detailed and uniform 
crystal grain and was excellent in magnetic properties. 

[0046] By the well-known grinding approach of using a stamp mill, a feather mill, a disc 
mill, etc., the obtained quenching thin band is ground so that it may become the above- 
mentioned mean particle diameter, and let it be the powder for bond magnets. In addition, 
after carrying out coarse grinding, two steps (or multistage story beyond it) pulverized 
further may grind. In addition, the particle size regulation of the powder after grinding is 



suitably carried out by a mesh etc., and it is desirable to carry out grain refining. 
[0047] Here, the grinding front stirrup can heat-treat after grinding the quenching thin 
band obtained by the above-mentioned rapid solidification in a 400-1000-degree C 
temperature requirement. The thin band immediately after quenching may produce the 
amorphous section for near the contact section for example, with a quenching roll etc. 
into the part to which a cooling rate becomes large especially. This amorphous section is 
soft magnetism and may cause coercive force, the square shape nature of a 
demagnetization curve, the fall of an energy product, etc. Then, by performing the above- 
mentioned heat treatment to a quenching thin band, the above-mentioned amorphous 
section produced immediately after quenching can be crystallized, and the fall of an 
energy product etc. can be prevented. When heat treatment temperature is lower than 400 
degrees C, crystallization of the above-mentioned amorphous section does not progress 
enough, and above-mentioned effectiveness is not acquired enough. On the other hand, if 
heat treatment temperature exceeds 1000 degrees C, crystal grain will grow and make it 
big and rough, and coercive force thru/or an energy product will fall on the contrary. 
Therefore, heat treatment temperature is set up within the limits of above-mentioned, and 
is desirably set up within the limits of 600-700 degrees C still more desirably 500-800 
degrees C. 

[0048] The rust-proofing layer described above by the approach of this invention to the 
powder for bond magnets obtained by the above approach is formed, it mixes with a 
resinous principle after that, and a bond magnet is manufactured pressing or by carrying 
out injection molding. When based on pressing, the thermosetting resin of the shape of 
powder, such as an epoxy resin, is pressed into the above-mentioned magnet powder with 
about two 5-10 t/cm welding pressure by the specified quantity, for example, press 
forming by metal mold with [ mix about 1 to 5% of the weight, for example, ] a die and a 
pan etc. By heating the acquired Plastic solid after shaping to predetermined about 
temperature, for example, 80-180 degrees C, resin is stiffened and a bond magnet is 
obtained. In addition, heating for resin hardening may be performed during the above- 
mentioned pressing. According to this approach, the consistency of the magnet powder in 
the bond magnet obtained can be made high, and it is suitable for manufacturing the high 
performance ring magnet for small motors etc. 

[0049] the case where it is based on injection molding on the other hand — first — 
thermoplastics, such as Nylon, — magnet powder — receiving — a little more amounts 
than the case of compression molding — for example, it adds about 10 to 30% of the 
weight, this is kneaded, and the compound for shaping is produced. And the bond magnet 
of a desired configuration is obtained by carrying out heating softening of this compound, 
and carrying out injection molding to the cavity of metal mold using a predetermined 
making machine. Although it is based on compression molding since the bond magnet 
obtained by this approach has a little low magnet powder consistency, there is an 
advantage which can manufacture the magnet of a various and complicated configuration 
easily, and attached components, such as a motor spindle, can also really be fabricated 
with the above-mentioned compound (insert molding). For example, radial magnetization 
is carried out and a ring-like bond magnet is used as a motor rotor or a stator. 
[0050] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained based on a drawing and experimental data. 



(Gestalt 1 of operation) The example which used the rust-proofing metal source of supply 
as Zn powder, and carried it out to the Sm-Fe-N system of a rare earth magnetic material 
using the sorption method of this invention is shown below. Using here uses a rust- 
proofing metal source of supply as a metal ingot or metal powder. After enclosing the 
magnetic powder made into this and the purpose by the mixed state in a heat-resistant 
hermetic container, A magnetic powder front face is supplied as metallic fumes of the 
shape of the shape of an atom, and a cluster by heating to homogeneity at temperature 
sufficient in the bottom of reduced pressure for the metal concerned evaporating. It is the 
approach of making the rust-proofing coat constituted from a uniform metal, an alloy, or 
an intermetallic compound by the grain boundary interface at a magnetic material powder 
surface list using the reaction compatibility of a magnetic material and the metal 
concerned form (henceforth the first law). 

[0051] By carrying out the wet ball milling of the Sm-Fe-N system magnetic material in 
the nonpolar organic solvent which added the surface active agent, uniform grinding is 
attained that it is hard to receive oxidation originating in the oxygen or water in an 
ambient atmosphere, and an oxygen content can produce little small impalpable powder 
of particle size distribution. 

[0052] Five or less % of the weight of Zn metal is mixed to the produced Sm-Fe-N 
system impalpable powder, and it introduces into glassware. Moreover, the coat which 
becomes possible [ controlling effectively the condensation between the powder which 
produces a shot in a sorption processing process by introducing in glassware with these 
mixing powder ], and does not have uniform spots can be formed. After carrying out 
evacuation to lxl0-6Torr extent, the sealed tube of the inside of glassware is carried out ( 
drawing 1 , 2 reference). 

[0053] Zn metal is made to evaporate by heating to homogeneity the whole glassware 
which carried out the vacuum sealed tube at the various temperature of 300 to 500 
degrees C for 2 hours, and Zn sorption to that front face is promoted by putting magnetic 
impalpable powder into this Zn steam. 

[0054] The dependency over the sorption processing temperature of coercive force Hcj is 
shown in the residual magnetic flux density Br list of magnetic impalpable powder which 
performed sorption processing at drawing 3 . Although the amount of Zn metals made to 
vapor-deposit or plate was required 10% of the weight or more to magnetic powder in 
order to see increase of coercive force Hcj by heat-treatment near the melting point 
(419.6 degrees C) of Zn metal and to acquire sufficient coercive force Hcj conventionally 
In this invention, the improvement in coercive force Hcj became remarkable even from 
the sorption processing in 350 degrees C of low temperature from the conventional 
technique, and improvement in about 4 % of the weight and little and sufficient coercive 
force was found also for the amount of Zn metals at that time to magnetic powder. 
Moreover, with the magnetic powder which performed sorption processing, the residual 
magnetic flux density Br also showed 0.8T, and was obtained with vacuum deposition 
and electrolysis plating, and the magnetic powder, the EQC, or the high residual magnetic 
flux density Br value beyond it which heat-treated for the raise in coercive force was 
acquired. 

[0055] Next, sorption temperature is fixed to drawing 5 with 350 degrees C, and the 
value of the coercive force Hcj when changing the sorption processing time is shown. 
Moreover, coercive force change of the covering powder produced by vacuum deposition 



as a comparison is also shown in coincidence. 

[0056] As opposed to heat-treating [ of 380 degrees C and an addition of about 30 hours ] 
after vacuum evaporationo covering processing with the covering powder produced by 
vacuum deposition, in order to acquire the coercive force of 1 MA/m extent Coercive 
force big enough was acquired on the conditions of the low temperature and short time of 
350 degrees C and 2 hours, and the Zn/Sm-Fe-N system powder produced using the 
sorption method developed this time became clear [ that improvement in magnetic 
properties is efficiently possible even for one step of processings ]. this — a powder front- 
face top ~ high ~ it is for the sorption of an activity metal to advance to homogeneity in 
three dimension, and since osmosis and diffusion of a sorption metal advance from the 
grain boundary etc. in a crack list [ activity / section / magnetic / powder surface ], it is 
thought that a reaction advances more easily. 

[0057] The amount dependency of Zn metals of the coercive force of the Zn/Sm-Fe-N 
system covering powder covered to drawing 4 using the sorption method concerning the 
first law is shown. Moreover, the amount dependency of Zn metals of the coercive force 
of the covering powder produced with vacuum deposition as a comparison is shown. 
[0058] Although it is thought with vacuum deposition that 5 - 6% of the weight of Zn 
metal is the need at worst in order to raise the value of coercive force, by the sorption 
method by this invention, the amount of Zn metals comes out enough at about 3 % of the 
weight, and understands a certain thing. It becomes possible to lessen the amount of 
metals which the fall of the flux density by existence of non-magnetic metal is controlled, 
and is mixed with magnetic powder as a coat source of supply by this. 
[0059] It is the scanning electron microscope (SEM) photograph of the magnetic 
impalpable powder which sorbed Zn metal on the front face using the technique of 
having used the sorption operation concerning said first law for drawing 6 . The 
abundance ratio of the covering metal Zn of the magnetic impalpable powder front face 
by the electron probe X ray microanalyzer (EPMA) is shown in Table 1 as compared 
with Sm. In addition, the measurement front face of the magnetic material in Table 1 is 
equivalent to the front face of the magnetic material shown in drawing 6 . This shows that 
Zn metal forms the coat in homogeneity mostly in the front face of magnetic impalpable 
powder. 
[0060] 
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[0061] In said first law, the thin film X-ray pattern of the Sm-Fe-N system magnetism 
impalpable powder which carried out sorption covering of the Zn metal when making 
whenever [ stoving temperature ] into 350 degrees C or 500 degrees C on the front face is 
shown in drawing 7 . As a comparison, the thin film X-ray pattern of the Sm-Fe-N system 
magnetism impalpable powder which has not performed rustproofing is also shown 
collectively. Although a front face oxidizes in atmospheric air and the magnetic 



impalpable powder which has not performed rustproofing forms the amorphous phase, it 
turns out that the mother structure of Th2Znl7 mold remained although the deposit of 
some alpha-Fe was found, and the magnetic impalpable powder which performed 
sorption processing at 350 degrees C has controlled oxidation effectively. 
[0062] Aging of the coercive force Hcj in the atmospheric air of the Sm-Fe-N system 
magnetism impalpable powder which performed rustproofing by said first law is shown 
in drawing 8 . Ultraviolet radiation decomposes the diethylzinc (Zn2 (C2H5)) which is 
one of the organometallic compounds currently indicated by JP,08-143913,A as a 
comparison, and aging of the coercive force Hcj of the Sm-Fe-N system magnetism 
impalpable powder which carried out surface coating of the Zn metal is also collectively 
shown using the technique of generating a coat metal. The coercive force Hcj of the Sm- 
Fe-N system magnetism impalpable powder which performed rustproofing by the 
covering approach by JP,08-143913,A declined gradually at 50 degrees C among 
atmospheric air, without the value being unmaintainable. On the other hand, since there is 
no change in the value even if it leaves the coercive force Hcj of the Sm-Fe-N system 
magnetism impalpable powder which performed rustproofing by this invention at 50 
degrees C among atmospheric air for 600 hours, and the high value was maintained, the 
coat formed by the sorption method became clear [ excelling according to the rust- 
proofing effectiveness ]. 

[0063] (Gestalt 2 of operation) By the first law similar to the gestalt 1 of operation, the 
example which carried out the rust-proofing metal source of supply using Zn powder to 
the Nd-Fe-B system of said rare earth magnetic material is shown below. First, after 
mixing 5 or less % of the weight of Zn metal to the Nd-Fe-B system magnetism powder 
which gave the hydrogenation-disproportionation-dehydrogenation-recombining method 
(it is common knowledge as a HDDR method) as different direction-ized processing, 
introducing into glassware, and carrying out evacuation to lxlO-6Torr extent, the sealed 
tube of this glassware is carried out. Moreover, condensation can be controlled 
effectively at the time of sorption processing by introducing mixed media, such as a shot, 
into glassware with the mixed powder of Nd-Fe-B system magnetism powder and Zn 
metal powder ( drawing 1 , 2 reference). 

[0064] Zn metal is made to evaporate by heating to homogeneity the whole glassware 
which carried out the vacuum sealed tube at the various temperature of 300 to 450 
degrees C for 2 hours, and the sorption to a grain boundary interface is promoted in a 
powdered surface list by putting Nd-Fe-B system magnetism impalpable powder into this 
Zn steam. Since many cracks are formed among Nd2Fel4B crystal grain children, to be 
advantageous when performing the sorption of Zn to a grain boundary interface is 
considered by the surface section of the particle obtained by the HDDR method. 
[0065] Drawing 9 is FE-SEM. The presentation image of a presentation is shown by one 
1500 times the photography scale factor of this about the whole powder particle. 
Moreover, drawing 10 is FE-SEM. The presentation image of a presentation is shown by 
one 5000 times the photography scale factor of this about the surface part of a powder 
particle. It turns out that a surface layer with a thickness of 3-4 micrometers exists in a 
powder front face, and this layer encloses the whole particle in homogeneity from these 
drawings. The same surface layer can also perform a Sm-Fe-TM-N system powder 
particle in a Sm-Fe-N system list. 

[0066] On the other hand, the result of having observed these surface layers by TEM in 



the FE-SEM list is shown in drawing 11 and 12. The surface layer consisted of drawings 
from the detailed Nd2Fel4B crystal grain child, and those grain boundaries became clear 
[ being covered with the grain boundary phase of five to 40 nm width of face ] further. In 
addition, these grain boundary layers have checked consisting of not only Zn metal but 
alloys or compound phases with Zn, Nd, or Fe from the component analysis by EDX. 
However, the content of Zn is more than 50 mass %, and was also found by that it is what 
uses Zn as a principal component. 

[0067] Next, the magnetic properties of the anisotropy Nd-Fe-B system magnetism 

powder which performed sorption processing are shown in Table 2. 
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[0069] The magnetic properties of the Nd-Fe-B system magnetism powder which 
performed rustproofing using the sorption method concerning the first law are raising 
sorption processing temperature, and fell as compared with the magnetic properties of 
raw material magnetism powder. In the sorption processing in 300 degrees C, Zn metal 
powder mixed with magnetic powder did not evaporate, and remained. 
[0070] Moreover, when sorption processing was performed at 350 degrees C, while 
lengthening sorption time amount, magnetic properties fell. However, although the 
dilution effect by having covered nonmagnetic Zn metal arose and some fall was seen 
also after performing sorption processing, the high residual magnetic flux density Br 
which is still about 1.3T was maintained, and maximum energy product (BH) max also 
became clear [ that 300 kJ/m3 and a very high property are shown ] (refer to drawing 13 

)• 

[0071] Aging of the flux density when leaving the compression-molding resin bond 
magnet which used as the raw material the Nd-Fe-B system magnetism powder which 
performed rustproofing by the sorption method which starts the first law at drawing 15 at 
the drawing 14 list at 120 degrees C among atmospheric air at 80-degree-C list is shown, 
respectively. 

[0072] The result of having been smaller than the bond magnet using unsettled Nd-Fe-B 
system magnetism powder also in which [ 80 degrees C and 120 degrees C ] as for the 
demagnetizing factor of the compression-molding resin bond magnet produced using the 
Nd-Fe-B system magnetism powder which performed rustproofing by the sorption 
method concerning the first law, having 1000 more hours after-maximum-magnetized, 
and having asked for the permanent demagnetizing factor is shown in Table 3. The 
permanent demagnetizing factor of the bond magnet produced using the Zn/Nd-Fe-B 



system magnetism powder which gave surface coating by the sorption method by this 
invention had the small absolute value compared with them (-8.1% and -10.9%) of a 
bond magnet which used -3.6% and unsettled powder for 80-degree-C list -3.9% at 120 
degrees C at the list, respectively, and it became clear that the endurance in atmospheric 
air is improved sharply. 
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[0074] next - this invention - it can set - a sorption - a method - using - surface 
coating - having given - Zn/Nd-Fe-B - a system magnetism - powder - a raw 
material __******„ having produced - resin - bond -- a magnet - a residual magnetic 
flux density - Br - a list - coercive force - Hcj - 120 - degree C - it can set -- a 
temperature coefficient - alpha ~ (- Br --) - a list - beta (Hcj) - respectively - Table 4 
— being shown . 
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[0076] From Table 4, even if it compared with it of commercial anisotropy bond magnet 
MQA-T the temperature coefficient beta of the coercive force Hcj of the resin bond 
magnet which uses as a raw material the Zn/Nd-Fe-B system magnetism powder which 
performed sorption processing in this invention (Hcj) at the bond magnet list which used 
unsettled powder, improvement large in temperature-coefficient [ of a residual magnetic 
flux density Br ] alpha (Br) is found to having been an equivalent value, and it can 
improve the thermal resistance of a Nd-Fe-B system bond magnet. 
[0077] versatility — conditions — a sorption — processing — having given — Nd-Fe-B — a 
system — magnetism — powder — a raw material ****** — having produced — resin 
bond — a magnet — coercive force — Hcj — a list — a residual magnetic flux density — Br 
— 150 - degree C — it can set — a temperature coefficient — alpha — (— Br — ) — a list — 
(Hcj) — Table 5 ~ respectively — being shown . 
[0078] 
[Table 5] 









(Mm) 


ififi CC) 


B£fHJ 


a(Br) 


P(Hcj) 








-0.125 


-0.528 


88-105 


350 


0.5 


-0.128 


-0.530 


350 


1.5 


-0.116 


-0.509 




350 


3.0 


-0.116 


-0.493 


53-88 


350 


1.5 


-0.119 


-0.510 



[0079] With the resin bond magnet which uses as a raw material from a table the Nd-Fe- 
B system magnetism powder which performed sorption processing, it turns out that a 
residual magnetic flux density Br list improves at the temperature coefficient alpha (Br) 
list of coercive force Hcj because (Hcj) lengthens the sorption processing time. 
Moreover, even if it makes small particle size of Nd-Fe-B system magnetism powder, it 
is possible to produce the resin bond magnet which has an equivalent temperature 
coefficient. 

[0080] (Gestalt 3 of operation) Using with this operation gestalt as the rust-proofing 
metal source of supply which forms a coat in a magnetic powder front face — the 
organometallic compound (a MRx;M= metallic element --) of a low-boiling point By 
heat-treating by distributing magnetic powder using R=CmHn in the organic solvent 
which contains the organometallic compound concerned in hermetic containers, such as 
an autoclave made from stainless steel It is the approach of making the rust-proofing coat 
which consists of a metal, an alloy, or an intermetallic compound form, by disassembling 
an organometallic compound, returning and making a grain boundary interface carry out 
the sorption of the metal to generate to a magnetic powder surface list (henceforth the 
second law). Hereafter, the example which carried out rustproofing by the pyrolysis of an 
organometallic compound using diethylzinc (Zn2 (C2H5)) to the Sm-Fe-N system of a 
rare earth magnetic material is shown below. In addition, as an organometallic 
compound, it is possible to use aluminum (C2H5)3, Ga (C2H5)3, In (C2H5)3, Si (CH3)4, 
germanium (CH3)4, Sn (CH3)4, and Ti(CH3) 4 grade besides this. 
[0081] By carrying out the wet ball milling of the Sm-Fe-N system magnetic material in 
the nonpolar organic solvent which added the surface active agent, uniform grinding is 
attained that it is hard to receive the oxidation out of an ambient atmosphere, and an 
oxygen content can produce little narrow impalpable powder of particle size distribution. 
All over the glove compartment where inert gas was filled up, the produced Sm-Fe-N 
system magnetism impalpable powder and the nonpolar organic solvent which contains 
diethylzinc as a dispersion medium are introduced into an autoclave, respectively, and is 
sealed. While versatility carries out time amount shake of the sealed autoclave above the 
pyrolysis temperature of diethylzinc, the pyrolysis of the diethylzinc is carried out by 
heating to homogeneity, and a Sm-Fe-N magnetism powder front face is covered (refer to 
drawing 16 ). Here, it is reported that the pyrolysis temperature of diethylzinc (Zn2 
(C2H5)) is 170 degrees C to 230 degrees C (Applied Organometallic Chemistry, 5, and 
337 (1991)). 

[0082] The amount of oxygen is combined with them of raw material powder, and is 



shown in Table 6 at the residual magnetic flux density Br and coercive force Hcj list of 
Zn/Sm-Fe-N system magnetism powder which added 0.15g diethylzinc, carried out by 
whenever [ higher than pyrolysis temperature stoving temperature / various ], and gave 
surface coating. Here, if it assumes that the addition of 0.15g of diethylzinc is altogether 
pyrolyzed by heat-treatment, 3% of the weight of a coat metal is generable to magnetic 
powder. 



0083] 
Table 61 
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(£*%) 


Br (T) 


Hcj (MA/m) 


(«*%) 






1.39 


0.80 


0.32 


250 


2.65 


0.82 


0.80 


0.41 


350 


2.22 


0.70 


0.97 


0.39 



[0084] In the Zn/Sm-Fe-N system magnetism impalpable powder which performed 
metallic coating from Table 6 using the pyrolysis of the diethylzinc which is one of the 
organometallic compounds by this invention, improvement in coercive force Hcj was 
found by performing pyrolysis covering processing at 350 degrees C. It sees by heat- 
treating near the melting point (419.6 degrees C) of Zn metal, or at the temperature 
beyond it, as the increment in such coercive force Hcj was mentioned above. In order to 
acquire sufficient coercive force Hcj, although about 10% of the weight or more of the 
amount of Zn metals was required, with vacuum deposition or electric-field plating, to 
Sm-Fe-N magnetism powder Like the sorption method in this invention by supplying an 
activity metal to a magnetic powder front face by the pyrolysis of an organometallic 
compound Improvement in coercive force Hcj was found from 350 degrees C of low 
temperature from the conventional heat treatment temperature, and effectiveness was 
seen also about the amount of metals covered further by the increment in coercive force 
Hcj also in about 2.5 % of the weight and the very little amount of Zn metals. 
[0085] The residual magnetic flux density Br of the Zn/Sm-Fe-N system magnetism 
impalpable powder which performed rustproofing on the other hand using the metal 
generated by the pyrolysis of diethylzinc as an organometallic compound in this 
invention was 0.8T [ comparable as it of Zn/Sm-Fe-N system magnetism impalpable 
powder which performed sorption processing mentioned above ], covering processing 
was performed with vacuum deposition and electric-field plating, and the residual 
magnetic flux density Br of magnetic powder and EQC which performed high coercive 
force-ized processing succeedingly, or the value beyond it was acquired. 
[0086] Moreover, the increment in a large oxygen content does not take place in coat 
formation down stream processing, but the Zn/Sm-Fe-N system magnetism powder 
produced from Table 6 using the technique of the pyrolysis of the organometallic 
compound by this invention becomes possible [ controlling oxidation effectively by 
covering magnetic powder ] from the source of oxygen at the same time the organic 
solvent used as a dispersion medium distributes magnetic powder. 
[0087] Aging in 50 degrees C is shown among the atmospheric air of the coercive force 
Hcj of the Zn/Sm-Fe-N magnetism powder which performed rustproofing to drawing 17 



by the pyrolysis of the organometallic compound by this invention. As a comparison of 
covering powder, a metal is generated for the organometallic compound currently 
indicated by JP,08-143913,A using a photolysis, and aging of the coercive force Hcj of 
Sm-Fe-N magnetism powder which performed Zn metallic coating by the technique of 
making a coat form in a front face using this is also shown collectively. Among 
atmospheric air, at 50 degrees C, the coercive force Hcj of the Zn/Sm-Fe-N system 
magnetism powder which covered with the technique by JP,08-143913,A could not 
maintain initial value, but declined gradually. On the other hand, among atmospheric air, 
even if it left the coercive force Hcj of Zn/Sm-Fe-N magnetism non-** which performed 
rustproofing by the pyrolysis of the organometallic compound by this invention at 50 
degrees C, it became clear [ maintaining a high value and having the outstanding 
resistance to environment ]. 

[0088] (Gestalt 4 of operation) The example carried out to the Nd-Fe-B system of a rare 
earth magnetic material which performed rustproofing by the pyrolysis of the 
organometallic compound concerning the second law similar to the gestalt 3 of operation 
is shown below. The magnetic properties of the Nd-Fe-B system magnetism powder 
which carried out surface coating of the magnetic properties of the Nd-Fe-B system 
magnetism powder which performed surface coating using the metal generated by the 
pyrolysis of the diethylzinc by this invention to JP,08-143913,A using the technique of an 
indication as a comparison sample are collectively shown in Table 7. 



[0089] 
fTable 71 




m 

Br CO 


Hcj (MA/m) 


(BH)mflx (kJ/m 3 ) 




Nd-Fe-B 


1.32 


1.04 


314 






1.30 


1.03 


302 


0.58 


JfcttK** 


132 


l.OB 


317 


0.02 



[0090] Although the Nd-Fe-B magnetism powder which performed rustproofing from the 
table using coating by this invention held the value with a still high maximum energy 
product (BH) max value in the residual magnetic flux density Br and the coercive force 
Hcj list, as compared with the value of the covering powder by the technique of JP,08- 
143913,A, the value low a little was shown in the raw material powder list for heat- 
treatment at the pyrolysis temperature of an organometallic compound. However, the 
amount of Zn metals which covered the front face of Nd-Fe-B magnetism powder with 
the technique of JP,08-143913,A was 0.02 % of the weight. On the other hand, it was 
possible to have covered a front face with a lot of Zn metals, the amount of covering of 
the amount of the Zn/Nd-Fe-B magnetism powder which performed surface coating by 
the pyrolysis of the diethylzinc by this invention of Zn metals improving sharply as 
compared with 0.58 % of the weight and the technique of JP,08-143913,A, and holding 
high magnetic properties. 

[0091] The scanning electron microscope (SEM) photograph of the cross section of the 
Zn/Nd-Fe-B magnetism powder which gave surface coating to drawing 18 by the 



pyrolysis of the organometallic compound by this invention is shown. It is the result of 
Table 8 measuring the abundance ratio of Zn with an electron probe X ray microanalyzer 
(EPMA) in the drawing 19 list at the neodium Nd list from the magnetic powder front 
face of drawing 18 to the direction of the interior. It turns out that counter diffusion of the 
Zn metal which deposited on the front face by the pyrolysis of the diethylzinc which is an 
organometallic compound since Nd which Zn which generated by the pyrolysis of 
diethylzinc from this and deposited on the magnetic powder front face is diffused from a 
front face to the interior at pyrolysis processing temperature, and is the constituent of a 
magnetic material on the other hand is diffused to the front face is carried out to the 
constituent of a magnetic material in pyrolysis processing temperature, and the rust- 
proofing coat more high [ of adhesion ] is formed. 
0092] 
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0.46 
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0.19 
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[0093] The anisotropy resin bond magnet which used as the raw material the Zn/Nd-Fe-B 
magnetism powder which performed rustproofing using the sorption method using the 
pyrolysis of the organometallic compound by this invention was made as an experiment, 
among the atmospheric air of this, aging of the flux density in 80 degrees C was pursued, 
and the demagnetizing factor was measured. The demagnetizing factor in the same 
conditions of the resin bond magnet which used unsettled Nd-Fe-B magnetism powder as 
the raw material for the result is collectively shown in drawing 20 . It turned out that the 
bond magnet using the Nd-Fe-B magnetism powder which carried out surface coating 
with coating by this invention from this maintains flux density high for a long period of 
time, and it has a high resistance to environment. 
[0094] 

[Effect of the Invention] By the technique conventionally used as surface rustproofing of 
an alloy and an intermetallic-compound system magnetic material in this invention As 
opposed to spots having arisen, since a deposit of a coat metal advanced in flat surface 
(two-dimensional) to a powder front face, and a lot of covering metals having been 
completely required for the wrap sake in the front face While it is uniform and production 
of a rust-proofing coat excellent in corrosion resistance is possible by performing surface 
treatment of a rare earth magnetic material by depositing a metal in three dimension The 
fall of the magnetization by the dilution effect which reduction-ization of the amount of 



covering metals is made and non-magnetic metal causes can also be avoided, and the 
magnetic material of high magnetization is produced. Furthermore, in addition to the high 
coat of adhesion being formed and the fall of large magnetic properties being avoided, 
without performing heat treatment in an elevated temperature, since the counter diffusion 
of a covering metal and a constituent also advances at low temperature as compared with 
the conventional technique, since magnetic properties improve by the single step, the 
complicated process in a multistage story becomes unnecessary. [ / near the front face ] 
[0095] that is , a metal deposit that there be no dark circles in the complicated solid part 
front face of an ingredient , in addition to the ability to form a uniform rust proofing coat 
, the counter diffusion and the reaction of the magnetic material which serve as a 
substrate also at a low temperature compared with the conventional technique with a 
constituent advance , and improvement in magnetic properties be attain in this invention 
by supply a metal with high activity to a powder front face with heating in a hermetic 
container to the alloy and the intermetallic compound system magnetic material which 
degradation of magnetic properties produce by oxidation . Furthermore, the metal rust- 
proofing coat generated in this way is effective in controlling unescapable oxidation of 
the target magnetic material effectively, and maintaining the high magnetic properties of 
these original also in atmospheric air. Thereby, contributing to high corrosion resistance- 
ization greatly is expectable in the high performance-ized list of a bond magnet which is 
expanding the need as an applicable field of a magnetic material in recent years. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic material powder which consists of a magnetic alloy or a 
magnetic intermetallic compound, and has the grain boundary of a magnetic material 
phase in a powder particle, The source of supply of a metal component (henceforth a rust- 
proofing metal component) with the rust prevention to this magnetic material powder A 
temperature up is carried out putting in in a hermetic container by the mixed state, and 
maintaining the inside of said hermetic container to a non-oxidizing atmosphere in the 
condition. (It is hereafter called a rust-proofing metal source of supply) While forming in 
a particle front face the rust-proofing layer which makes said rust-proofing metal 
component a subject by supplying said rust-proofing metal component to the particle 
front face of said magnetic material powder from said metal source of supply The 



manufacture approach of the magnetic material characterized by forming also in the field 
along said grain boundary inside a powder particle the rust-proofing layer which makes 
said rust-proofing metal component a subject, and obtaining magnetic material powder 
with a rust-proofing layer. 

[Claim 2] The manufacture approach of the magnetic material according to claim 1 which 
forms said rust-proofing layer along the grain boundary which exists in said particle 
surface section by making said rust-proofing metal component permeate the particle 
surface section in Mr. fixed Fukashi from a particle front face. 
[Claim 3] Said rust-proofing metal component is the manufacture approach of the 
magnetic material according to claim 1 or 2 supplied to the particle front face of said 
magnetic material powder in the form of metallic fumes. 

[Claim 4] the metal ingot or powder which contained said rust-proofing metal component 
for said rust-proofing metal source of supply - carrying out - the manufacture approach 
of a magnetic material given [ the inside of said hermetic container ] in reduced pressure 
and claim 1 which carries out a temperature up and promotes evaporation of said metal 
ingot or said rust-proofing metal component from powder thru/or any 1 term of 3. 
[Claim 5] The manufacture approach of a magnetic material according to claim 4 of 
heating the inside of said hermetic container more than the ingot of said rust-proofing 
metal, or the powdered melting point. 

[Claim 6] The manufacture approach of a magnetic material given in claim 1 for which 
Zn is used as said rust-proofing metal thru/or any 1 term of 5. 

[Claim 7] The manufacture approach of the magnetic material according to claim 6 which 
carries out the temperature up of the temperature in said hermetic container to 300-500 
degrees C. 

[Claim 8] The manufacture approach of a magnetic material given in claim 1 which uses 
the organometallic compound of said rust-proofing metal component as said rust- 
proofing metal source of supply thru/or any 1 term of 3. 

[Claim 9] The manufacture approach of the magnetic material according to claim 8 which 
decomposes and returns said organometallic compound and supplies the rust-proofing 
metal to generate to the particle front face of said magnetic material powder by carrying 
out a temperature up where said magnetic material powder is distributed in the organic 
solvent which contained said organometallic compound in said hermetic container. 
[Claim 10] Said rust-proofing metal component contained in said organometallic 
compound is the manufacture approach of the magnetic material according to claim 8 or 
9 which is what makes a subject one sort of aluminum, In, and Zn, or two sorts or more. 
[Claim 11] For said organometallic compound, the carbon atomic number m which the 
organic chain CmHn combines with the rust-proofing metal atom M which consists of 
one sort of aluminum, Ga, In, Si, germanium, Sn, Ti, and Zn or two sorts or more, and is 
contained in the organic chain CmHn is the manufacture approach of a magnetic material 
according to claim 10 that one or more things are used. 

[Claim 12] The manufacture approach of a magnetic material given in claim 1 which 
carries out a temperature up to the second hot temperature, and heat-treats succeedingly 
rather than said first temperature after forming said rust-proofing layer by carrying out a 
temperature up to the first temperature into said hermetic container thru/or any 1 term of 
11. 

[Claim 13] Said magnetic material powder is the manufacture approach of a magnetic 



material given in claim 1 thru/or any 1 term of 12 which consists of the alloy or 
intermetallic compound containing rare earth. 

[Claim 14] Said magnetic material powder is the manufacture approach of the magnetic 
material according to claim 13 which is what makes a subject a Sm-Fe-N system 
intermetallic compound or a Nd-Fe-TM(transition metals)-N system intermetallic 
compound. 

[Claim 15] Said magnetic material powder is the manufacture approach of the magnetic 
material according to claim 13 which is what makes a subject a Nd-Fe-B system 
intermetallic compound. 

[Claim 16] said magnetic material powder which makes a subject said Nd-Fe-B system 
intermetallic compound - HDDR - the manufacture approach of a magnetic material 
according to claim 15 that what was manufactured by law is used. 
[Claim 17] The manufacture approach of a magnetic material given in claim 1 which 
carries out resin bond of said magnetic material powder with a rust-proofing layer, and is 
used as a bond magnet thru/or any 1 term of 16. 

[Claim 18] Magnetic material powder with a rust-proofing layer characterized by forming 
the rust-proofing layer which makes said rust-proofing metal component a subject in the 
field in alignment with said ********** in the interior of the particle surface section and 
the particle of the magnetic material powder which consists of a magnetic alloy or a 
magnetic intermetallic compound, and has the grain boundary in a particle. 
[Claim 19] Magnetic material powder with a rust-proofing layer according to claim 18 
with which it comes [ more ] it to carry out the amount of said rust-proofing layer formed 
along said grain boundary in the particle surface section than the interior of a particle. 
[Claim 20] Magnetic material powder with a rust-proofing layer according to claim 18 or 
19 which said rust-proofing layer is formed and becomes in the surface section of said 
magnetic material powder particle so that thickness may be set to 5nm - 50 micrometers. 
[Claim 21] Magnetic material powder with a rust-proofing layer given in claim 18 which 
is the range whose depth of penetration from a particle front face of said rust-proofing 
layer formed along said grain boundary is 1 micrometer - 10 micrometers thru/or any 1 
term of 20. 

[Claim 22] Magnetic material powder with a rust-proofing layer given in claim 18 whose 
thickness of said rust-proofing layer formed along said grain boundary is l-100nm thru/or 
any 1 term of 21. 

[Claim 23] Said rust-proofing metal component is magnetic material powder with a rust- 
proofing layer given in claim 18 which is what makes a subject one sort of aluminum, 
Ga, In, Si, germanium, Sn, Ti, and Zn, or two sorts or more thru/or any 1 term of 22. 
[Claim 24] Said magnetic material powder is magnetic material powder with a rust- 
proofing layer given in claim 18 which is what makes a subject a Sm-Fe-N system 
intermetallic compound or a Nd-Fe-TM(transition metals)-N system intermetallic 
compound thru/or any 1 term of 23. 

[Claim 25] Said magnetic material powder is magnetic material powder with a rust- 
proofing layer given in claim 18 which is what makes a subject a Nd-Fe-B system 
intermetallic compound thru/or any 1 term of 23. 

[Claim 26] The bond magnet characterized by carrying out resin bond of the magnetic 
material powder with a rust-proofing layer of a publication to claim 18 thru/or any 1 term 
of 25. 
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WJSL-thT&b-Zh. £OJ3$r%&, IWIB<o«ffli«fft 
KJE *> Rffi UTSTfttt i 0 itfr L^-T V *Kffifc:ft § i; v ^ 
o ico i 5 %m&iflm?tit£. KF e ^#±^® 

EK^t i> ^f^SP^S.t3-r Z **ft 4 . 
[0004]^fc. -hfEcOj: d L^-f V *R 

[ 0 0 0 5 ] jjboj: 3 $r-&&Rtf£«SHfr& 

<*aw4ifc^«fc:rarcft4. ««LJt» 

fl!!*-, wmmmzmm-rhmmmzi: o , k 

tttm, bVMmfAmm^mx^mmz^hbZk 

[ 0 0 0 6 ] § ^ARtf A«SHfc^H*a&5fc, 
#fc#d^- F e aMKttWR-Cli , #H^4>fc»r 4 

w$m&<?>i&T&wm%fs\mb %&zbfrh. wmm 
b Lxtmmtmmxmmz&kizwmx'Z hzb w& 

&vriu$-£mit£%t>'r. z<mm&&mz£ omm 
mmtiLx-t h%mx v^mz±ttzmmtmmm^m 

[ o o o 7 ] mix. ^&v&mmk^m&m& { 

Sm-Fe-N^T'ft4«^-, SBIfc 

JHjWBWBUCJ: 9«ttt9*RBf*iKKU # 

Cftl^Hc j *W±$**ii:*«»i5><iT^4. CIO 

iJS.^R«^^ct<3lfi : $-ii-S^a6^jfl (-6 0 0 
*C) TWIfer* W^TO 5-234729C 
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mmZtlX^Z ) ii\ i> L<li. ffiSt ( 3 8 0~4 0 0 

•c) TM^m ( 3 ommvih) ■t&>£mtfb& (k. Mak 

ita, S. Hirosawa, J. Alloys Compd., 260 (1997) 236 
-241#Hg) . 

[00 08] 

*>v*mizj:&mmimTte. msuzm&zti. it^m 
iz^^tmmmmtmsm^MLx . mmx-a^m 

[ o o o 9 ] 4fe. wm* v*mxiffim-t2>nmm< 

ISi«VMaiSl»tt«:«l»-C$ *«ifc«*tt£ir*-««tt 
[0011] fie*<0^fttc J: hmmWiXit, 

t<v^t*>^, iimmL^m.^mxtm-th^t 
t Lxm^z>&&<vm.Z'j,-%<-f&zbi)m& u*. 

[0012]-*, ^&&t*£JKHtti^^te*ffl<D 

Lxm^^com^.vxtcD^ (~6 o o'o 



ZtlzX^Xiktht^rthtih. ft-?X. Z<7)£o% 

mmmzii^xmmtm^^eo^m^t^m^Si 
&wt&i±.%it&iz.*>Mi. &mmg:mzw.mimz*i 

[0013] ^Bj^nsti, t^^-jlx 
- ?w><DW.$mmzm ^t>tixw **Aaffiotm-c* 

vm&mx < w&e&smtzmf&z-th z t xwm 

[00 14] 

$m&\*i z immnvmiztm Loo#ia t x s &m 
m&mfr t> wm&mf&ftzmmtfm*cDn?mwiz& 

ttm&frb$m*hftm&&tzh<7)X'bixtt. 
i%t>cr)zm^xi>£\,\ mta. &#*xmt&Fmm 
wmz&fcLxmmimztfct&m. mfmm-m^k 



!( 5) 002-105503 (P2002-105503A) 



**>Sf V ^J&5K'$> Sit SrSSfc-T ft . 

■5. 

[0 0 1 6] *4>t. aMMW)iKVI««5tt. ±I5RS» 
JBft* 8ltttm»**»l!BIS-&Ufc i b *mkb-t&. 

[0017] ttmt&j^ti^mmmtmwim 
^.WB^^hw&Mmmm^zn 

LX3V^1&mdimm&tiKk9to^ a^z 

tf&gb*& . i o «fc 5 t:«ffiB5|e«W*%-{c«as 
fcli, «M^S&M#:*t©t LW^M&^ftliatt 

ft. ^coft#>. *f6Hjx'(s. iiattW4«t^-c 

Kfif * tiMztmizmi * ft &MM b 

4. i^®&1lr4&v^#TTl£fI£fT&dft 
BH£Hf^>HMb(c J: **ftt*WH"* i b jPT* . 

&ftmm&b%mmb#m®im®tzvmzti. m 

ft. WtC, aJW-ftNd-Fe-BiR*«V^4Sm-F 
e - N3RA«iaMt-&ft*ffl^/S-jL-^ UX-y 3 yi 



[0019] c:<9*§^. tt?*llf0*&— £83 4T«S 
"OgMOTfcJBtfW-ftii:**. ffi^fflaStffftSrttftl/o-o 

raJ: , 9*>3K3;h.-C&ftt ) <0£:&-ft. t&AK4Mc&-> 
itf ljum~l 0jt*m«0Kffite8tt3*lXV*4£fcjWi 
#^-h»-i:$rft*§£a*£>9. 10jiim^l.tSgi 

Wtejurrw»#»»% < srft . mt&m&sxn 
[0020] mmtmwxm'comimizts^xii. m 

§#5 n m~5 Qtxmb^h t 0 IzEmmtfBf&ZtlX 

%$>Zbtfm&L\,\ %L^cr>mm&cr,ffim®mztf5 n 

mmT-C'(iW»tt*^+* t =3: 0 . 5 0 u m Srig*. ft fc 
*«ttm*«>jSiW= J: 03MBaWE»*t+«-lcW»-C 

<r>mZ\&. MMiti^l-lOOnmt'M^i: 

[0021] -^R^JRiSfk^^fflHtw^oaas- 
fcj-Kiga-TftH. istt«f4^jDife^-ftjajK^$ijp-rft 
cifc-c. itt»f«Bti«^Mts t nee, m 
mtf4<DmMft®x'm&ztiz>&mbmf8mttb ^ws 

fiaS&lfWxA-Xfcg; ft . £ <offl5i£Sc&UK 
««T'*ftftftvStt*>'s<. iiifcJ: 0«e*«0#aJ: 0 
#**^$iift. 

[0022] ^^AMft^HSMEtim. mm 

3ttft„ Crco^yh-{15. WtKttBBK5k LTMHi 

©5com®iae «> ft t irs fc *i«tt*m«5i5t£ 
^ Lxmwummzm-rz biz* ^m^zwti^^ 

»J3ixftft^. *»BH(ctJV^T«tt*m»5l5«iii±(c 

[0023] ^Rt^nBHb^nsffia 
tmteWi-ftBsaMsikLr, mmtmbm&m^m 
m&m&&mb tc&mnb &&&w&Twmmm&n 

%^mm%Txt%--izi}\fmi-z>zbiz£ 
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[0024] mm&mfcMz&mm^cr>&T®.&mm 

ifcHm^vmm. Rxm.^^ttzi&mzx'omiib 
fz^mm^-i,zmm-?> z t & . d <d%£-. m 

y^f-y hxim^t u mmm^^m&Mmz 

co^k*ffim-& i 3 \,z-?h z t a*, m-ftffimmzffi 
mmfcx-z hnxumx-h h . ^mm^^mx < & 

hXii%i*cDim&±. mtKim&PAtiztm-tz, 

[0025] mm&mffitt txa. mm a i . g 

a . In, Si. Ge, S n . T i Z n £ 

&mvB&mzz&wwmitx'% &<?>x\ a*h±<v 

<o«ft* 3oo—5o ovicsmt h ztimg. H\ 
jftK**3 o ox^mraz nMsnw&.tFF+ftb 

mSifib *) . 5 0 0*C£i@;i § t . &£_L#{c j; 4 att 

Sm-Fe-NMtttt»7)J:ot, 
* "5 1" ¥ * t s SSttfflv Z n &f(aft|j#fc: 

corner. MM&&tmK&mi&jMi* %mzA 1 . i 
[0026] mta. Wim&mmtemz&mj v^t y y 

X«i^S^*fcL. ZixbBWbtZM&mifcb&WiM 

ffilHftK* jftfr* L>shhZb if«imb % h . C:<9i§-£. 
RSMtt^t %h-kW,b LX<mj£&%?*>i>Z n 
w Ztibmb?&mim*bcr)m&®t:tf?AXte 



IHBtfiBM"* Z b § . -f - wJSft. ZnXaZn 
•SJf $ 5nmM 5 O^m^T^^^J^-tf-UbSC: 
[ 0 0 2 7 ] ffi}f, R&«&J|f*i&i!gi LTs K>»&JSj£ 

^o^ra^s-fC-^Sr^ffl-r-?. z t h-*imx-$>&. z<n 

■ ##UfcBWMB) frtzVim&mt'&facryftffi 
fc i *? . J8tt*&*fc%-=5:R6®JS £^fig-f 4 i t ^rgg 

•thZbX\ WmMmnBti&'iytc oZb tfx*% h . 

[0028] jm^it-emtz-kiiZti2>ffi®&BU8ft 

bLXl±* Al, Ga, In. Si. Ge, Sn. Ti 
RVZn<nimXli2mj±&£.lbb~t&t>cr>£miX' 

^ti^tmfti&i&xftM^imx'fo o . R&attc 

W^S-ft-^rti. Al, Ga, In. Si. G 
e. Sn. TiaVZn<01«Xtt2«UUi3&>/5>^4B6 
»^SS^M{C^iC mH n Lst t (OXfo 0 . 

*<0*««C m H n JC*a<l4iJ8IIKflRm 1 JiLt 

«4Wi. S»A1 S Ga. In. Si. Ge. Sn. 
T iRVZ n(T>imX\±2m.W±Z±Wb-$-&1>c?>bts: 

s. 

[0029] ffitt^*lS®^M£ SR§ 

«^««^JSt LT«8ljS[<0*«A|W:^ft (MRx ; 
M=^«7t;^. R = CmHn) S-fflV\ ^.f-yi^Xig^- 

tt&^mmwzmwftjfctttm-miimzm-z 
Kttw^ ffia-ri. ^ b tfx* & . 

[0030] ^«&*^BSr»Sf S^S<oet^j®£^ 

<0«V^M = A1, Ga. In. Si. Ge. Sn. Ti 
&VZn£^rf£W«^fl^£jBVtfUf, 150 

°c*^ 5 o oxtt-ftfrbwm. mktt z t x-^tt 

*vmmzirz]Mmkmmm'tzzb&v%&. # 
mit$}mm$:Mmi-&&mcDmmteb lxa i . 
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Ga, In. Si, Ge, Sn, T i RT/Z n Sr#^TL 
X^hZbiztat. mmmZGL (m§i;li:L<ll 
m§ 3 ) «tfHIW»J: 0«fflTiE31SfL6««^PMl:-&* 
£ffl^ft££***^-C;fcfto dcOipfc-rSi:. 50t 
5 0 0TrdR#j&»4>RiSISL JnSft-f ft-I J: 9 

*^«aHb^ft«ttiim*fM!-r ft - 1 #-e# § . 

[003 1] &S-f ^7 h*rV*Ltt**fflV*4%& 
[0032] , £^tf^|^-£«0Ra£t£tm 

«o»»^wtByi*ijr*-£ ft . £*uc * o . 

icBtswitt* «fc o all* L&zt amte 

fcSrft. 

[0033] LTtt, BU^COilO , Sm- 

F e - N jRAHiafltelhXW: Nd — F e — TM ( 93& 
M) -N3RAHBMK*lli«r±*fc-r ft *><9£flW8-f ft:: 

[00 34] tttttmtftttt. Nd-Fe-BI 

ft. Nd-Fe-BaWMSIBHk^*Sr±«ci:-*-*>KyH 

(ox\ zco^m&mm* 1 u mUXTx-h o . hriHjs 

5££R X Fe, 0 o - * - y B y T-*-T<r i:#T'£ ft. 

R(iN d (4*$r< b i>±%s±M*lzM 

^**&*5 0%JJUi) fcU f»-SJ*5Dy^^P 

•9. 9^x^l 5. 4SyS 1 OT&ft. @WK 
JfctX. R x Fe 10 o- x - y -vB y M v cr>j&X\ 

FecDZ^z^zmn&mTmimuf. co%b'-. 
wmmxiiX^) mzxm.m-hzbi>*imx'&>h. 

fcT , Wit* 0 . Uv<5 OSB&OKHtcTBSRJg 
£ixft. 

[0035] is^mmt. m&frbom&tzx o > 

F e i 4 BSiRrJiAWSHfr&lMI (HIT 2 - 1 4 - 1 



&£*ki-cox\ zti*mfe<?)m=Fm<7)%}mz®ft-ttiix 
zv>£ *mm&>#y vmsmm^b Lx&mxz ft. 

±MZ : ¥&)fkm { lum$:Mz.&b. W^H* 

Ztl. S4L<«0. 5^mOT. 3&KS4L<tt 
0. lumWFbZtlh. 

[0036] 4fc, Mieb^F e <0»&7C?SMi: LT 
(2. v<3 OcoKBtcTColcJ: ^WifrfhZbifiT*- 
ft. IMSMfS&BftX-CoZttZ-t&ZblzJ:*). 2 
- 1 4 - 1 fflcT)* A t> -ittK*«±#-r ft t> fcSM 

?8«S*ift dO- FeSfflS^^Srffft ^ t #T'# ft . 

iut 0 tfc 0 f ft £ t *WJ 

§ixft. L^L&a*^ *«**»**3 OM^Sfii 
ft i: 2 - 1 4 - 1 ffl<0»W«S»JB6WfiT t . ffcfcx* 
^-«OffiT^o^r*<ftc7)T-1?4t<^^. «r*j. C 
oco-^**«, atL<«2. 5~2 0M^%, $A>IC 
M4L<{i5~lO If %^3SB(*|-ef£5rr ft J: 

[0037] <J:tC. -hfBJ^hCO^T'$>ft*^ #±«Bg 
»RJi»»IWIfOfth.fc«»Wtt*ffl 32-14-lffi 

**>'9~1 5Sf%iOKH^IS«$iift (-T^*>9^ 
xS15). #±^^-Rco^4^9®f%*)W^=5r 
ft . ®C©ttffl-C'$> ft a - F e fflc7)Jt^* J it^: L . «tt 
*OiST*JB<. 1 5Mf%^«ii.fti:#i^ 

T^^ftOt*. #±JS^^-R<7)#*iJi±IB$Bffl^ 

t^^six. a*L<«i o~i 3js^%. $^>tca* 

L<iil 1-1 2Mf %OKHl*I-C1SS-rft^*Uv^ 
[00 38] 4fe. Nd*±flct-r4»djaft4J-R<0- 
SPSrD yXt±P r TB^f ft £ i: ft . D y 

ft. ciix^iO. Mitf3vea-^«/\-Hfa? 

is*iT'ja5*w$ixft%^. «atofiasA^iST# 
tfttt>tih<?>x\ ML^wjmmxcommizMi&mft 

Sr#ftCli:* J T'#ft. ^^m&D»{i. CTi.(f0. 1~5 
M=F %<Q&mftX-m&MtilX'% ft . rtrfc'U «rtfc^5 

j®f %*mth b 2-14-1 ttnmmmzwmy 
h&te*>mEcomm^xh±.mia«vxiif£ l<% 

V\ ^rfc s TbtiDyiOtS^fc^WT'fcft^ Dy 
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k imm&h h v M3;ZtlM±CD$mj} faJJ&HSrlr LX 
[00 3 9]-*. Prte2-14-lffi*<DNd£g 

fi. J: otlif J P r t-IJjit § ; i t»r 
ffiX'fo&tiK P r <7)ftim±&N dOZixi. 0 *>JS«T' 

mnftmnwjLmz&^xK d k k u^sttttbstu 

NdiPr <7)ft-ftM%s±X'$> h : J : JM& NdSV'Pr^) 

A4>coP r%^\tmzi. *)1Z£ h £ k 1 . 
[ 0 0 4 0 ] ±IBt7tJ^I-^±a7C«(i. vvf 

U^>\ ±IEN d . Dy, P rm<V%i±m&ttb b t 

izmA-f&hcotettZtLX^XhmL^frz.*^. 
[0 04 1]<W=, BMU «±S&£#RfcR«fc:2-l 

4-i ffitf^awsjfc^c* o , 4— i o 

m. : ?-%<r>mmn (t4t*4Sygi o ) -ci&g^ix 

4 . B <o*W«** 4 JjR^ k S k . IR^ttco n d 

jm^fUJr-mZiSrFZitZ i k fc:o&#*&tf')T\ B-& 
1TM{iJiffiffiB<D*> cot Bc7)***{±, M£L 

<{i4-8Jg^%. S6lca*L<t±5~7aFF%«>«i 

[0042] Fell 2-1 4 - lffl^^fliliSjfcfrk 

[0043] £<9<k a ^rAJMHNi. Wlifg* 5 
5 0 0 ju m fc S «fc 3 L/C # J' I* 
k-r6£k#T'#.g>. fit, *<0»*k:tB4<Z«B"5 3 

-/MSffli, o vttM88S«o»llfc: J: 0 *S£-TS itt 
J: 0 . jKv HOE k f 4 Z. b h . i i T\ _tffitf 
y Kflt£8*0>TOtt?€b&s 5 0 0 a« mULht'S>4 k . 

k =5: 0 . #y HflniAffiBflBR^lmur 4>o fr £±-f|> 
JRH k 5r£ ¥ WF® {±JdKJaT«0 <D k £ ft 
4. — ¥^a^@^» i <=S:0-r#'4k, WitflE 

teRJSSfi*. fcfc, aFG«*<03F^fi^®i, flit 



<«50-400joim 1 §^>fca*L<«il 0 0— 3 0 
[0044] ^ PflffiJtlSHHWIK «i£J8v* 

ticr>f&tti L"Ci>, Nd-Fe x o 

mmt* Mitmmmmmm. T-vmw&m 

[0045]^ *<0«Fii*A»«HS*4CI:fc:J: 

^^#Hm{i^J^.(fT/l^rr>-^c7)^1x^*X#ffl^i^ 
fflV^ix. S^*SkLT{4. *n-;PftJJ», ^ 

/Uil^S: 5-3 5 m/8\ ffl* L < « 1 0~ 3 0 m/^ 

k & ; k a>\ {^T'^-^ H a B s&% l , tmm&z 
mitzmsmmznh ±xmt tv\ 

[0046] »6*l.fcSJ«|fl«i, 7i 
•9 . Hfraco¥%fir^Sk^rS J: d i=»*$*u HIg 

[0047] ^iT\ _tE&?fr*Hi=J: 

awt *o»^tirjw4«»«fe:4 o o—i o o o-c<r> 
mam&&^xmmthzbt/ i x-z&. ix&mtm 
w^a. mumftv-ivbnmfmttmm. 

c\<r>4$g&m±mm.x'*> o , «saaj. Mafiia^a 
m&wmzz. tT v ^c±iB#^»gp&M B B fffb-r •§» i k *« 

*. iWi&aas^ i o o ox:*mi h b . i© B B H©*^* 

a^t<{±5 0 0-8 0 0°C. $4>{ca4U<tt6 0 0 
-7 0 0°C»®Hl*lT'ig^§il4 . 

[0048] HJ:«*tt*:J: *)&t>ti&#y v®?6m® 
k ^ L , lDffi£JgXtiS*aiJ£^-f -S C k 
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Hit 5~1 0 t/cm2 SJK<^)Jnffi^T'ESIfiWI>„ 

0*CSSfcMfet-Sii:fc:J: 9«B£*<ffcS-»i\ XVY 
5BPB«r»4. «r*j. iNMmMJlMili. ±IBJdE 

[0049] — »{iiJic#fc:J:5*£H:, 4-f. -M 

<d$&z. s^^a, miai o~3 on&%mg.m 

JUL-. ^MSiLTS^fflOnw^yK^t 

y K/WWXtJWft* JJB3 WO > F fc fc fc (c— frj£ 
® (-f Vif-MR») •^SifcfcTSS. 0M.HT US'*' 

[00 50] 

[005 1] Sm-F e - N*HHH*PK&. IfffivSttJW 

®mffiB<O^Z v*H0*£fWW* £ ft . 

[00 5 2] fBRU3tSm-Fe-Njfi«K9*t=*fLr 

5**%i-:rR7)Zn£m£ii-&u 



tm&X% ft . ^XSSsrtii lXlO-^Torrg 

*4T«a»«i,fca*MM-4 (Hi. 2#aa> . 

[0 0 53] XS*WfUfc^9^«S^**. 3 0 0*> 
t> 5 0 O'CcOS^ «DiBJgT\ 2 ftlB%— tln^4 <I i: 

[0054] io^«^is:ssL3tan4M&*<oaeffl^?e 
rMc^(cftamH c j cowmimw&(,zm-&tfc& 

«<o«u& (419. 6-c) tt&x*nmmmiz£ 9^ 

*U +#5:fi$fc>3Hc j £#ftfcto(={±3£t&ft^fcb< 

v*z-£&z n&mmmimmiz*iLT 1 o*a%m 

Jb&SFC*-5Jfcj&*, «WHc jOfiJhte 

ft*0#&J: 9lKiS?>3 5 0°CI,z&ifZ>im>!mfrt?X' 

%>mmt%>). *<7)b%<7)Zn&mmi>mAmmzm, 
x 4 nM%w&b$-&x'+tt%&miwfo±.tfx. htt 

tz. 4fc, JR3W!ffl*ttUfcSB£tt«5trr«. 

(oti. &mk*fa<ntzih<nmm*MLtim&®Jiibm 

[0055] friz. 12513. JR*iSJg£3 5 0°Cfc®5g 

^•r. 4^, it«?i: Lx^#stc «t vvmztifcmm 

[0056] J: Df«l3*ifcttSH»5lr«i 1 M 

8 0 °C . 3 0 ^ramg<OiIJlIcOii«lB|*i^-C-& Sit 
Sm-Fe-NM*li 3 5 0'C, 2B*ffli: V^3ffiift 

i gPt^Ma-c-t^j* i: < msmtenfaitf^mx-ibh 
%&m<vMmtf3<kKmzt%-i,zmft-t2>tzit>x'$> o . 

[ 0 0 5 7 ] 04 JB-&t«*iR3lFteS:fflV^T*MB 
L^Z n/Sm-F e -N»»a(«*tf5ffa(^<OZ 

mssm&z^. ztzsmb Lxmrnmiz* K>rmL 

[0058] «8WlO«[*rtI±S-fr*fc» 
fc(±5~6*i%c!0Z n^JR*%«l?B^T'$>fti:#^ 
4>*tft*«. *»BJ{:J;ftfR#&-C*{i. Zn^M«(i3S 
»%SST'+^T'S>ft^i:* s t)^ft. IW:J;0< 
tt^«0#ffi^J:ftmm?5JK<7)ffiT*WJ$fi.. *»ott 

dt*^T^i:^ft. 

[0059106*=. Byfe^-ffi^ftJR*#ffl^fiJffl 

Lttm&m^xz n&mmsiztmvtimimmi 
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nj&mvHssm ( sem ) -wnx-h & . « 1 icu . 

^To-T'XISv^^oT-^^^if (EPMA) 
[00 60] 

cm ] 





Zn 


Sm 


(A) 


1.1 


1.0 


(B) 


0.7 


1.0 


(C) 


0.9 


1.0 



[oo6i] 07 tcti, iraaas-Sjfcfc wc, jus&ag 

SrSSCCXtiSOO'CtL^t^tfO. Zn&JRS-SlB 
fcflfctffcS Lit Sm — F e — N3Rmmtt3ft>KKX|ft 

Sm- F e -N»S8ttWB*«WJ»X»y^-^*,flN: 

T'*ffl* i M-fb$ix7'^ fry rXffl^MUV^* 5 , 3 
5 0'CT"JR*MS$rSSL7tl^14^*ii^F^a - F e 
<0Wffili*6;h.4 t(?)OTh 2 Zn 17 Sc7)«1ijt^ 

[ 0 0 6 2 ] H8 fcti. fraSIB-fttcJ: 9K>Sit*4Ji£ife 
LtSm-Fe- N3RBIttlSMB*«0*jil>f«t=*J *t* «fflt 

*Hcj <m&®ft&7tt. Jt«^t tr . ^¥0 8 - 
14391 3^^M^$fiT v^^r«^ja-ft;-^<7)— 3 

T^SyXfyHIS (Zn (C 2 H 5 ) 2 ) 

5;«SS LfcSm-Fe- N^®tt«8ft*<0&&:*J H 
c j cnW&Mt l> tfMtT fsd? . #if0 8-l 4 3 9 1 
3#tCi6»«^TfiW^£«LfcSm-Fe -N 

mlx. *muz ct h mmmmzm usm-Fe-N 

JR«tttW»*<?D«attH cjll 5 0«CT6 0 

[0063] ( rnmnmm 2 ) xfta&jB 1 tara*)* 



— ffi^i 0 , Hffi£*±S&14*m«0N d - F e - B^ic 

K**fc-?f*6£ifc ( HDDRSt UTffljBT** ) *• 
SfeLfcNd — Fe— B LT 5 fi»%OT 

?x®$siz ixio-6Tor rmmtx-mmmtti 

£tz. Nd-Fe-Bi&E2ttft5fci:Zn& 
X'%h (HI. 2#M) . 

[0 0 64] Kffi^Ufctf 3 0 0*- 

f.450 'C<D«* iOiS^T*. 2 «HSP&-fcJllJ!W4 £ 
T'Z n£Jg£§vffc£-tt. I«ZnIM4>CNd-Fe- 

Nd 2 Fe M Bm^mSHZ^LCO^^ 

[0065] H9ttFE-SEM ffl^coffifig|«$r. ft 

*sf^*couta^i 5 0 ofre^LTt&coT 

&4. Ell 0J2FE-SEM ffll£cr,|tfi5c{gi£. 

ft*^^tfO*E^tCO^T«^fg^5 0 0 OfTC'^L 

4umcr>mmmwiF&L. zcomtm^fai&i—tzjR 
*)M&X'^&zbtfhfr&. mmnmmmiz, s m -F 

e - Njfkm/tiZ Sm-Fe-TM - N^ft*©^ X*i> ft 
KoZbifiX-ZZ. 

[0066]-*, .I;fx£>c7)*ffiJi£FE-SEMMtf 
(=TEM-CWKUfcfS**Hl 1SV1 2tc^"T. 0J: 
*). iSffl«(ifW5:Nd 2 Fe, 4 BttAtt? <fc OfltJS 
$&C*ft6^SSII&#«:il5-4 0nm<^# 
ffiT*fcfo*irv^4C:k36*IB<5>3&»i:*-5fc. Srfc. £ix^ 
<9lMMKi. EDX^iaffi^^*f*^Zn^JR^'(tf 
fi&<. Z n i N dXIJF e t^&^UIift^WS 

^S*-' 5 0M*%JM±T'ab D> Zn i «, 

[0067] <xiz. wmwmzm l^m^isn d - f e 

- B*«tt»5la^)«««ptt**2 fc^r. 

[0068] 
[*2] 
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(wt%) 












CC) 




(T) 


(MAm 1 ) 


<kJm») 






1.33 


1.07 


327 




300 


3.0 


1.22 


1.03 


27? 


* 




0.5 


1.31 


1.06 


314 


2.06 


360 


1.0 


1.30 


1.04 


311 


2.01 


1.5 


1.29 


1.03 


304 


2.26 




3.0 


1.24 


0.99 


280 


1.89 


400 


1.5 


1.23 


0.67 


236 


2.02 



[oo69] m-mz$h&M.mm*m^xmm!m:*m 
u;Nd-Fe- Bimmttnmsmwt. umum 
-it & c t x\ mfm<&m*<?>m$m& t it 

[ 0 0 7 0 ] *fc , 3 5 0'CT'JR#ma^Jfi Ltz b Z 

tmm i - 3 Tmmco&i m^mMmm. Br»u 

Wckx.*tl> : *r-m (BH) m a x*> 3 0 0 k J/ m 3 b 
jE®lzm\^ftZ^ZbtfWt>frb%-?tz (01 3# 
SB) . 

[00711 01 4Mt/fc0 1 5 (C«. H-Sfc^SlR 
«i£t= J: 0 RfiH^aSrSfc LftNd-Fe- B 
SrMJRfcLfcffiffilfi^lSll^VHIl^Sr^^s 8 0°C 

m/tz 1 2 oicfc:jwatfcii*oasB»*raiiBHWi:** 

[0072] JB-ffitc«4JD^fc:J: 0R6«B!SI*iSU 

fcNd-Fe - Bm&mittm^xftMLtzEMfm 
fflffitfyvmEwmmmz. 8 o«c&# 1 2 o°c<?>i:*> 

f>tfcV^{., *J!iaONd-Fe-B^mi4^*Srffl 
v^^yh'SffiJ: 9*3 <,®:10 0 OB#[flf&&«Bji 



JR*£-C*ffi$S£Jft LfcZ n/N d - F e - B^Egft 
f^^V^TfBHUfc#yHSBFBO*AjS«*»4, 8 0 
12 0 "CX'lt Ztl^tl- 3 . 9 %mfl,Z - 3 . 

6%t. *mminmi*m»iziK>Ywan*ti$> (- 

8 . 1 10. 9 % ) fctb^«S««***§ < , ± 

^wz&n&mz&ifixmteimzixh z t wRbt>>b 

[0073] 
[*3] 



as ec) 


(%> 


Zn/Nd-Fe-B 


Nd—Fe—B 


80 


-3.9 


-8.1 


120 


-3.6 


-10.9 



[0074] iXC **&Efc;fett*JK*8f* flft vcgaS 
SSSrSSLfcZ n/N d — F e — B i&8ttt&5fc£ M^fi: 

MAHc j <7) 1 2 OX:iZtXf&Wm$la (Br)I 
Tfl,z/3 (He j ) Sr^ix-rix^4(c^-r. 

[0075] 

[«4] 





tunm (vt) 


a(Br) 


P(Hg) 




-0.047 


-0.52 




-0.078 


-0.52 


MQA-T (l&JE) 


-0.090 


-0.55 



[00761*4^0, ^fmiztsiftiBMimZML 
tcZ n/Nd-F e - B3RKffiB**JR»i:-f *«]!# 
y KBWO&Bfcb H c j OftSffiftiS ( H c j ) It&W 

wcvmttmwz vw&mtizTtiwxomjj&tf > r< 

&BM Q A - T« -eft* JfcJR t X N^ffit'fc -? 
fc»U ^Wffi^^JSB r<7>jaKfl9Ka (Br) Tii* 
WfrfiLbWfc&fU Nd-Fe-BjRjKVHBPBWlHaR 



[ o o 7 7 ] m« co&mzj: o jR*saasris LtNd- 
f e - B%m®m*izmmb tximLtz®mx> m 

S<0«BtfjH c j tttf (=£ffiBDK«&B r<7) 1 5 O'Cfc 
fcttSiaK^SCa (Br) MX/lZ ( H c j ) £fl 5 £-c 

[0078] 
[^5] 
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(Mm) 






o(Br) 










-0.125 


-0.528 


88-105 


350 


0.5 


-0.128 


-0.530 


350 


1.5 


-0.116 


-0.509 




350 


3.0 


-0.116 


-0.493 


53-88 


350 


1.5 


-0.119 


-0.510 



[00793 $kfrt>. JR^XHSISr Jfe Ltz N d — F e — B 

m&B r&mz&MtlH c j SDffiJg^iifca (Br) Ml/ 
C(Hcj) ^iR«^aB$ra5r*< S i i: 

[0080] (ntt<7)®«3 ) ^mmmx-m^x^h 

LTffi^^^S-fb^J (MRx ; M=^StcS s 
R = CmHn) Xf ^XS^-h^l/-yf 

x-h& (jar. m-mt^o ) . ot. w»&»ffr£« 

e-N^ftLT^Xf-zPffiia (Zn (C 2 H 5 ) 2 ) 

WlbLXli. ^iXli^Kct. Al (C 2 H 5 ) 3 , Ga 
(C 2 H 5 ) 3 , In(C 2 H 5 ) 3> Si (CH 3 ) 
4l Ge(CH 3 ) 4 , Sn (CH 3 ) 4 . Ti (CH 

[008 1] Sm-Fe-N^MttWSSr. ^SvSiePJ 



zbx\ mmm*& 4> con^s-sttfc < < #§-ttmv 

fcfl*"*-* 4. fSUcSm-Fe-NIl 

•wi-wi*- h 9 u-?wzmx t . . mt 
x\ m«<r>#mmb o Lm%-fciiiJRt4;tt^ 

xf-;US«*r»»«fS-e: s Sm-Fe-N85e^**H 
mm* ft*? (H16«H> . yxf-^ggft 

( Z n ( C 2 H 5 ) 2 ) coSfefrJjf&Kii: 1 7 0/Cj&»& 2 
3 0°CT'&£<rt#$8'&$;?X-C^.g> (Applied Organome 
tallic Chemistry, 5, 337 (1991)) . 

[ 0 0 8 2 ] S< 6 0. 15 g cr>zSx.J-)\,m$&&W}U 

Lmftim&x v^m*<niiimmzx'ft^$iwim& 

ILitZn/Sm-Fe- N^JSe^*<OSgJim?gJS 

b r „ «?s^h c j wm*m*ti*> 

tffiitX^-t. ZZX\ >-'x^ffij{JO^J[I«:0 . 15 
g tt, ft&g&JKc J: 0 £T$tfM5W> b b W& 

mmzn tx 3 MM%e>im&&z±f&t & z b tfx-% 

[0083] 
[*6] 













CC) 




Br(D 


Hcj (MA/m) 








1.39 


0.80 


0.32 


250 


2.65 


0.82 


0.80 


0.41 


350 


2.22 


0.70 


0.97 


0.39 



[0084]«6J:0. *Wmz i Sl-JS^JS-fb-^^ 
^x^gEiSc^a^^^fiJffl Lx&mm$: 

*LfcZn/Sm-Fe-N»«ffi»»*fc:*JV^. UK 
3 5 0 Wrfrd - fcfcJ: OflBWjHc 
j <oisj±#* £>ix£ . d co X 0 %&mj] Hcj comta 

maufci a tcz n&jgcosus (419. 6-o # 



■y *8?«i S m - F e - N«tt»*fc*f LX%)1 OJlJt 
Waste *MAJMk*aw«)WMW(cJ: 9«tt*& 
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J: «H&MCD3 5 Or*^»lK^H c j 0>|tl±*»6*u 

2t>izmg-?&&mmzmLxi>#}2. 5MM%m^k 

[0085] a|5«HBfc:J3ft*««ASMb^«li: L 

«BBa*ifiUfcZ n/Sm- F e -N^&ttf&ffi*<?« 
SJK5B?fl£B rlt t&j*LfcJK«ttlH£JfiLfcZ n/S 
m-Fe-N^mtt^*<?D^i:RgJK<730. 8 T"C 

[0086]*^:, ^6^1), J: 4*«3feJBMk 

^<^?&^<^&£JBVvttf=SSL.J'I:Z n/Sm- F e 

xzmm-t h z. k TBMh*»«wfcawwf * - 1 

[oo87iii7t, i?®mz x zim&mtt&mn 
frnMizzmmmmzMi-tzzn/sm-Fe-NM 

ffi)3ZCDffiBJ)H c j <7)^%tp^ 5 0°C{Z&WZ>W8m 

-ftsr^-f-. mm^cotmk lx. mm^o s- 1 4 3 



9 1 3 1~ gs^ £ *rc ^ s im&mit^m z . 
it&^miz x*)z n&mmmzm us s m - f e - n» 

0 8-14 39 1 3tCil>#a-e^§ri£t^Zn/S 
m - F e - N&W.ffiftjfcn&mj] Hcjll 5 

tz. Mzftvx. *wmzz h nw&mik&bwmt 

»KJ:*l»«BOa*itUfeZn/Sm-Fe-NaaS^ 
ttUmtiHc jfi, ^,4". 5 0*CTi?fcBLTi,SV-> 

[0088] ( 9stt<o^B4 ) mmcomm 3 1 sguosi 

U , »±aattt«W<0 N d - F e - BiRfcfl- LTIQfi 

tNd-Fe- BmmXfa&MSMm* . ttJRKSi: 
LT^TO 8 - 1 4 3 9 1 3t=IH*<0#ffi&M^T* 
®SS Ui Nd-Fe-B ^l8tt^*<D8^«H4£{IH!: 

[0089] 
[*S7] 





& 
Br CD 


Hcj (MA/m) 


(BH)max (kj/m 3 ) 




Nd-Fe-B 


1.32 


1.04 


314 






1.30 


1.03 


302 


0.58 




132 


1.08 


317 


0.02 



JfiiSfc «S Ui Nd-Fe-B ^&5fti£t®fiSiM B 
r . H c j MVfcftfcx*;Wf-« ( B H ) m a 

tSBFPO 8- 1 4 3 9 1 3<0#&£i6feS^5fc7)ffifc 

itmLx^m^m^^m^mmx'<Dnmim<Dfz 

«^FfiV^aSr*Lfc. U»U W08-1439 
1 3<^£T'N d - F e - BJKtt^*««Hi&1fta Lfc 
Zn&JMJiO. 0 2M&%X'h^ti. ZtUzftLX, 

*%mtz* h =jx.^jum^m^-mx'^mmm^n^ti 

Zn/Nd-Fe-B©14^*cr)Zn^Jg4{±0. 5 8 
MS.%b. «fll¥0 8-14 3 9 1 S^mbiiMLX 

*mzwaM&ft±L. m*®&mtzm$LK:&&& 

[oo 9 1 ] iai sic. *miiz£ttm&m&'fa<r> 
mmxmmmmimttzz n /N d - f e - Bmmt 
j£c?)Mmc?)j&gM.n^mwM <sem> ^k^-t. 0 



'VO*:* -/'<?AN dMt/fcZ n<0#&tb2rtt^ra— y 
x«v-r?or-*-9>fir (epma) tckOffl^UaB 

U B«H»5l5aiiifcWajLfcZnii. f^mW®&8LX' 

mm>b\HmztimLx}5') . -ar, BK&moflij*j£ 

[0092] 
[^8] 
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M/(Zm-Nd) 


Zn 


Nd 


A 


0.54 


0.46 


B 


0.19 


0.81 


C 


0.10 


0.90 


D 


0.09 


0.91 


E 


0.08 


0.92 


F 


0.09 


0.91 


G 


0.09 


0.91 



[0093] *&mzi. z>^m£mftHtmomtM*:m 
m Ltzw.mmzm^xmmmmzm ttzz n/N d - f 

d-Pe - Bm&®Jtizmmt Ltzwmxy vm&com 
k> , *miiz j; h mmmx-mmmm ucNd-Fe-B 

[00 94] 

a, ^^mm^ni.x^-m ( 2&7c) w^sas^s^w 

minnmmmLt:3&7ffiiiz&mzmiiiz-£z ztx- 
ft%oztiz£*). i%-xm-kmzmitzmmw&<r>w 
m^mx'h htmz. wm&mmwmiw* $ tin 
m\i&m^\zmz^mmmizj:z,mit<7)&Ti>mi- 

^co^mtimLxmsLX'Tm-t^tz^. mmx-cofm 

mmm±.-th tz^^mx-^wmyo-tx^mt 

[0095] *&wx'&. muz* K>m$m 
&<D£ik&£. t h ^RV^mfflitirftoimmtm izn 
lx. mm^^xtnmizx ovsttoiss^m^** 
mz&m-tz z t x\ mA<7)im%&ftM{zmMizv&% 
K&mt/m&L. ^-tcmmwmzwm-hzbtfx'* 

hZb iztuz. , m^^-mizit^iSLV hTMb & $>& 

mnnffif&f&ftbnmmhWc&VRifct>m?rL. msn 



eymmftWib LTm.*£*0yimt:1fokLX$X\,^#y 

bi>mftX'Z&. 
[EM^^I^BJ] 

[01 ] *&mz&w2>iv.mmizm^fzimcr>immx' 

im2i *ftwiz&ifht8.mmcvm$i®&cr>Mmmx'b 
h. 

[03] Zn&J»gm£. JR*a^fflV^Cli:T-«SM 
aSrJfe t tz S m - F e - N^B*tt(M}*<D«WilSS3&J& 

b rMixtcfiyi^H c j ^m&^zm-hmf&x-h 
[04 ] *wm£z>wmm*m^xwmLtzz n /s 

m- F e - N^^©5t€^»^3^Z n^Iii^ftt 
[05 ] #?&Bj<oJK*i£T\ MS^S* 3 5 O'Ci ESg 

u ^wmm&mtz&tzmnz n/S m- F e - 

N^SStta*cO«®* H c j <7>$titX'fo h . 

[06 ] *muz£&fBim3&m^xmwizz n±m&> 
mmzBf&is ttm&fflL®Mcofc&m.m z ?-mmmxx' 
$>■§> . 

[07 ] *^HH^J:SlR*ffi^fflV^T|5ea^a^Sfit^ 
S m - F e - N^ttSSa* t R&«^a^ifi$ =5rV ^ S m 

-f e -Nm&&ffi.mmcr>mmxm^?-yx'&2>. 

[08 ] *^BJ^ J: & Z n&JS3gM<7)«*i££fflUTS£ 
MSiMSrJfi Lfc S m- F e - N»»f£fiH0*Mtf CWBB 
TO 8-14391 3^cM^§tLTV>i>#a-CllSaSr 
iLfcSm-Fe - N jRHHm»*tf>:*SW> „ 5 0'Cfc 

awzumjin c j oewa&flra&a . 

[09 ] **DW= J: & Z n£flB(|^>JK2*8;£fflVvC* 
Bi*!tJI£ft UNd-Fe- Blitt»*«fg$ 
1 5 0 OfgtfOFE-SEMS^filT'ibl). 
[010] *JWHt= J: S Z n&gge^cOJK«3:$rfflvvC 

ufc n d - f e - B?mtm.®3zcom&® 

$5000fg«FE-SEMffl^ffitfcl.. 

[011] J: & Z n^Jg^^JK^S^fflVvC 

*lfi«M**LfcN d - F e - B^tt^*<^«^fg 
*3 5 00 0^)FE-SEM«IT'M. 

[012] J: & Z n AWR«^>JR«ft*fflv»T 

*if«ra*ffcbfcN d - f e - Bm&immtttmm 
m2 5 0 0 ofgOTEMBj^iHre&.g,. 

[013] *5MBO«3|K£K: J: OtHlLfcZ n/N d - 
F e - B&mm&b . M^t LTfflV^cN d - F e - 

[014] 3Wft^lR3|RB-CI»«Kiaa*fft Lfe N d - F 

e - Bms.ffl&*zM®b LizEMjmmm#> hbes 
8ortc*jft5«mafjs 

[0i 5] xftwnMmmxmmwMzmLtzNd-F 
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So 

R&M%9£ft LfcZn/Sm-Fe -NOffiKfttOfttt 

[si 8] *«wteJ:**»A*^^<^ft»»r«ai 



*l*L>fcZ n/N d - F e - BJKtt^*<OBffflW^a! 

JHttlt ( S EM ) WC£>£ . 
[019] H30Zn/Nd-Fe-BHH£»5tEfaaa» 

^-ro-^xigv-f ^oT^-7Wif (EPMA) fciO 

[02 0 ] #SMHt=J: S^&jRft^^^gfcJ^ 

THflBaSfciKLifcZ n/N d — F e — B&tt^jfc^JI 



[01] 



[03] 





250 300 



350 400 4b0 



500 550 
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[05] 



[07] 




100.0 



*A *jJV * A l l m » 



t>) Zn>S m 2 F e, 7 N , j&SSJg350lC 



fc) ZrvSra 2 Fe 17 N x «HISft500lC 



* ▼ 



Zn 

crFe 



i .... i . . . . i 



25 30 35 40 46 50 55 GO 65 
2G/«S (CuKa) 



[08] 



[013] 



1.1 I 1 — i i i » » ■ r | 1 — i i | 1 — i i 1 1 1 1 1 1 



1.0 



* 0.9 
J 

^ 0.8 
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0.5 |- 
0.4 
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1 10 



[014 ] 



100 



1.5 I I I I I I I I 1 T ; 
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fooo 
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[01 5] 
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'i 
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«BflW8-1 43913 



0 5 10 15 20 25 30 
&^ftflfl (ft) 



[016] 




[019] 



1.0 
0.8 
0.6 
0.4 
0.2 



O O O 0 



I Zn 



4 6 



10 



[020] 
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i io 100 1000 nxm 

f*ttB*fW (B») 



(£3) )0 2 
[018] 
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